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'"me Energy Crisis can be the moat effective teaching aid of the decade." 



S. David Freeinan 
Conitdssicffier 

Tennessee Valley Authority 



I^r^RDDUCTIq|^ 

V ^ 

In recent years Id^ihoans have becxit^ increasingly concemed about the 
energy situation and aware of the inp^rtance of energy in our lives. EKperf:s 

4 , 

t 

now tell us tlyjt unless sons inmediate steps are taken we' will not be .able to 
proivde for. our future energy needs as a nation. New research and technology 
can alleviate part'5f the problem but, more iinnediately, we must reduce energy 
use. An effective energy conservation program can result in substantial energy 
savings, extend the life of present energy sij^lies, and provide us the much - 
Aeeded time to explore alternatives. 

Traditionally, the educational system of our country has been called on 
tx) explore and resolve societal problems. The energy sitXiation, is a unique 
Opportunity for educators since it reflects a oonplex set. of problems that 
require changes in values, attitudes and lifestyles* The instruct3JC)nal program 
in a 30TOO1 can examine these problems and can assist in student awareness of 
the alternatives and consequences^ energy decisipns. 

■fliis resource guide has been prepared to assist teachers in incorporating' 
energy concerns within the school cqrriculum. It is intended to provide a basic 
framework of objectives for diffep^t subject areas and to provide exairples of 
acfe.vities fpr teaching towards the stated objectives. Resources are listed 
to aid the teacher in developing additibnal activities. It is anticipated that 
these materials will be a starting point and that teachers will go farther in 
this iirportant area' of instruction. 



I NDUS TRIAL ARTS ROLE IN ENERGY/ENERGY CONS ERVA TION 

At no other trine in the history of. our country has' there been a greater need 
for a national conmitment to 'Conserving existing energy sources and seeking neW 
ones. A united effort by all Americans " is necessary to fulfill this conmitment. 
There is no better place or time to begin than in today's -schools, with students 
who will be tomorrow's adults. It is their lives which will be affected by the 
energy practices and policies of the present. 

The energy crisis* brought to the attention^f the world that all industrial 
nations are heavily dependent upon f^nfergy. The^ limited resogrces available are 
being used very rapidly. Morp than 5D0 billion years was requirecj for nature 
to create our national resources, yet man is using them up in approximately 300 . 
years. The basic fact is that these rf sources. will be exhausted ih the ;/ery "near 
future. The consequences of the rapidly diminishing supply is going to be very 
critical- to our economical and political system; The educational institutions 
and their administrators will be playing a major role over the next decade to 
increase awareness of energy and power to students of all ages and grade levels. 
It is at this point that industrial arts can play a key role in educating the 
consume'/s of tomorrow, the need for conserving energy and developing alternative 
energy sources . . . " 

The industrial arts instructors* responsibility is a critical one in\eaching- 
about the sources and uses of energy, the mul ti -faceted problem, ,and the energy 
conservation ethic. Attitudes, along with technology, are important in working 
toward solutions, ' ^ ^ 

In^sTrial Education has identified energy as a resource worthy of study ^nd 
along with other' aspects Of education can provide students an opportunity to 
gain a comprehensive understanding of energy systems, , . 

Energy Education in Industrial Arts provides students the opportunity:' 

Tv To work withk energy systems to gain an understanding of how energy 
, is available\. conve^^ttch transmit(ted , stored, controlled, and con- 
served: ^ • ' • ■ 

) 2. To understand the interdependence .of society and the availability 

of energy. . ' ' 



r 



3". To explore- the context in which energy systems have developed and 
continue to develop. 

4. To explore self and occupational areas as a basis of selecting a 
career related to energy systems. 

5. To prepare for entry into energy" related occupations and develop 
<■ a base for further education. 

The materia^ in this guide is intended to give the industrial arts Instructor 
information and ge><eral suggestions for teaching- units and 'correlated learning 
activities'. The Ijidustrial Arts Energy/Energy Conser vatjon Guide focuses on 
the four major areas of energy which include sources, conversion devices, trans/- 
,mission, and storage controls. • i 



implementation/use of this guide 



Technological adaptability into the American culture is the' main goal* 
of 'Industrial Arts Education.- The interpretation of industial technology in 
the United States is complex by its very nature, and impossible to separate 
that body of knowledge into snfhll, single specific categories without losing 
the industrial context. LiJcewise^ energy conservation (a part of American 
jTidnstry) is difficult to divorce from other facets of Industrial Education. 

It is not the intent of this guide to promote a separate coafse of 
study. Rather, it is to be as an inclusion into the current" program as an 
integral part. The Industrial Arts E nergy/E nergy' Conservation Resourc e Guide 
is designed to supplement the prevocationaT Bower/Energy Curriculum guide, 
as well ^as, serve a resource reference to all other facets. of the Indus- 
trial Arts curriculum. To supplement rathtr than supplant is the key. 

For instance, in a construction or woods class discussing the table 
saw use, it could very easily be pointed out that a three phase motor is 
being used versus a single phase motor. Or in a metals or manufacturing 
class, the instructor should promote the pre-heating of the metal for foundry 
castings, rather than u^ing "cold" metal. . 

Likewise, in our interpretation of American Industry, we must in- 
clude occupational information. Energy/Energy Conservation is a relatively 
new techologicah field. While some of the occupation/ are apparent; other 
hav€ yet to be in^Tfented. A viable part of the occup^ional instruction must 
be in the presentation of new and emerging jobs. Pljs the need for flexibilii 
in occupational trends and changes In those occupational fields" because of 
energy/energy conservation. , ^ 
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Whether the consumer is see 
mobile home ,* several gefiera 
costs; insulation; orie.ntat 
system{s); and water Keater 

1 . , Regardless of. the type 
ceiling and floor insulatio 
difffcult to check wall ins 
results of poor insulation 



king a house, apartment, condominium, or, - 
1 criteria should he. considei^d: local energy 
ion"; windows and doors; heating and cooling 



of home, it should be well insulat^J|^ (^eck 

ie~ It is 



n by looking in the attic and-baseme 
ulation of a completed structure, ()Ut 
can be felt or measured. ^ " 



the 



2. Consider 
beneficial or 

sun; in col d" cl imates , heat 
windows on south face). 



the orientati 
a- problem?; I 



on. Will the orientation of the windows be 
n hot climates, the home should be shielded from 
frfcm the winter sun should be utilized (e.g. 



3. Check the windows and doors. ^Aro^they protected with storm panels? 
Can they' be open^ for ventilation?- Will the amount of window arrea .place 
a" strain on the ^^h^ifUn.g otwcool ing system? It is rec«ended tha't ,i;tie - 
win^dow area- be no. nwre thrfr^ 10 percent of the ;^1p^::are|^>|SM^^^^ 
efficiency. For example, cl^OO-squdre-fQor ht)n"!e^sWa^^^^^ mofie then 
200 square feet ofx^indow area, t-gbrgf^r window "a rfe^i^in^^^be us.ed^ 
are properly planned and i,nstalTea-, for example,* wiTfi,-?Ji9W 
paned glass. 
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4. Is the heatiff^ and cooling system in good working orders ,Are the] 
ducts adequately*insulated? Most consumers do not have, the exp.ertise , 
/ -^answer these qijestions and siiould consult a heating or air conditioning 
- . contractor. The contractor can determine the proper size and condiUon of 

- . the equipment and estimate costs of repairs if needed. - 

Certain features of older homes may make them energy-inefffcient . Very 

old homes may not have any insulation, and inadequate infiltration barriers 

(^•.q., building paper, foil, caulking). ^The table below shows the R-value 

for the surfaces of houses as they used to be built and how they can be Jm^ 

proved for even a ^old climate. 

Typical . - , , . 

Old House R-Value Retrofitted Old -House ' 

Surface . , - 

insulate with L2« fiberglass, R=43 

insulate with 3V blown insulation, R=18 

insul^fe&^alls with 3^5" fiberglass or 2" 
styrofoamX R=2p 

insulate with 6" fiberglass, R=25 

add stopn door, R=3, substitute insulat^ed 
door, R^IO 

add stonJwvidow, R=2, add insulating 
shutters, R=10 



Roof 




3 






4 


Basement 




10 








Ground floor 




• 5 


Door 




, 2 


0 

window 




1 


% 
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WEATtiRRPRpQFING 



To- reduce the heating and cooling costs in a home, it l\s important to 
reduce air movement in or out of the hohie. The cheapest, jiiost effective • 
Way to reduce in1^i 1 tration is with weatherproofing: caullcing, putty i or 
weatherstrips. Below you will see illustrations of several locations where 
Infiltration is likely to occur. Refer to the illustrations and use t)ie 
checklist to determine the condition or existence of weatherproofing at 
your house.. ■ , • 



1. WINDOWS 

Che^k the circled areas of your 
.windows. 

O OKAY - Good, unbroken weatherstrip- 
ping in all places With no 
drafts. 

. □ FAIR - Weathers tripping damaged -pr 
missing in some places and 
minor drafts. ^ 

O POOR - No weatherstripping at all 
and very drafty. 

2. DQQBa ; ~ * 

Check the circled par-ts of - the door. 

a OKAY - Good, unbroken weather- 
stripping with no- drafts. 

□ FAIR - Weatherstripping is missing 
or damaged .in places wUh 
minor drafts. 

POOR - No weatherstripping and-' * 
very drafty. 





Conclusions : 



WEAIHEBtoQEJNa (cont'd) 




Conclusions 



\ 



2. ABEOBDJ 

Look at a typical door and vHndow 
ariea and check the circled areas 
. carefully. 

□ OKAY - Caulking fills all cracks 
around the door f raine (and 
the putty around the win- 
dow is unbrokef and solid; 
no drafts. 

ID FAIR - Putty and caulking are 

oracked or missing, caus- 
ing' minor drafts.- 



O POOR - No caulking at all and the 
^ putty is in very poor con- 

dition causing very bad 
drafts. 



) ■ 



-If. you checked fair or poor for any of the three areas, then the weather- 
•^^ripfvin^* caulking, or putty needs to be replaced. If all areas are okay 
tt>eif:^you don't need caulking, weatherstrippings or putty. 
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DETERMINING PROPER PERCENTAGE QF GLASSE D AREAS FOR RESlPFNCf; 



Since glaSs has much less Insulatlve value than a wall, It Is wise'to use 
as H'ttlr glassed area (windows) as possible to conserve ene»*ay for cooling, 
and hating. There are bi/ilding code, restrictions and guidelines for the 
amount of glassed area: 10 percent of the total square footage of flobr- 
space for the home and less than 20 percent of the total square footage of 
the exterior wall are generally accepted standards for residences. 

i 

It is a simple arithmetic proceddre to determine if^^our home or- classYx?om 
meets these puidejines. First try the. 10-percent-of-the-floor method. In ' 
the example below, we see the square footage erf the roon\^is 300 square feet,^ 



/ 
/ 

/ 
/ 



"a 



30'0 



T 

o 
9 
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From the elevation, we see the total 



ar^a is 30 square feet, 




To determine the percentage of glassed area you simply c^ivide: 

30 glassed area = .10 or 10% 
floor area 

?n?.rLn^ 20-percent-of-total.wall-area- method. In the example, the 

area if n \?\\^ ^rl '^""^ ^' ^ sq. ft. The glassed 

area is JO sq. ft. Therefore, the percentage o^ glassed area is: 



30 



,125 or 12.5% 



Using either method,, the glassed area is within the guidelines. ' 
Now determine if your classroom or home meets the guidelines. 
Method I: 10% of floor area 



Total Floor Area - 
Total Glassed Area 



lasse(jf area 



cor area 



sq. ft. 
sq. ft. 



7^ 



cont'd from pag^ 16 
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Method II: 

Total Wa»ll Area 

Total Glassed Area 



20% of wall area 



sq. ft. 
sq. ft. 



glassed area ° ^ 

^ - wal>ed area • 

Suggest ions: ' - 

1. ff|' bQth methods in the classroom before trying to tackle your home 

2.. This makes a good group activity. 

3. This Activity may be used in conjunction with reading floorplans 
and measuring interior spaces. 

4. Remember to measure only the glassed area of windows -- not the 
frames, too. 

5. Note that weather , changes will also affect heating and cooling 
\ energy uses.* 
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When you bu>!^-a nK)bile home, check to see if it meets the Mobile Home 
Construction and Safety Standiirds established by the U.S. Department of 
Housin(^ «nd Urban Developnient (HUD). If a new mobile home meets the basic 
HUD requireiDents for insulation. Infiltration, and Condensation" control , a 
peruianently affixed label of cenification shoyld be found on an interior 
wallt >.The certification label will give the climate conditions the nwbile 
home islsuited for and the capacity of the heating and cooling e^uipnient. 
Mobile home buyers may also consult the local Mobile Home Association for 
uidelines in purchasing a niobije home, site selection,- and maintenance, 
f course, it Is wise to seek out the nK)st reputable dealers in an area. 

Mobile homes have several comnwn problems related to energy efficiency: 
thin walls, ceilings, and floors; detachment from the ground; metal ex- 
teriors; and elongated, compartmentalized interiors. One of the most cost- 
effecfive energy conservation measures for mobile homes is the ^iddition of 
a skir.t or foundation," which encloses the area under the mobile. home. 
Properly installed skirting acts as added insulation. Ventj should be pro- 
vided in the skirting to allow for air circulation, to prevent moisture 
buildup, and to provide air for the heating system-. Also, st6rm windows and 
doors may be added, or the installation of 4-to-6-mil plastic sheeting will 
reduce heat loss and gain. Although it is very difficult to add insulation, 
rigid foam insulation boards applied to the interior of the, home and on the 
ceiling may be particularly beneficial. [Caution: some rigid .foam is very 
flammable and should not be used; check the insulatijon manufa,cturer' s speci- 
fications.] Also, urethane'can be sprayed on the roof for insulation; 
however, it-should be coated with a sealer. Batt insulation can be in- 
stalled under the flopr. The gampartmental ized interiors of some nwbile 
homes impede^the ftow of air and make heating, and cooling difficult. On 
the other hand, the space in most mobile homes is carefully engineered to 
give maximum usable spate within the outside dimensions.' 

Proper siting of the mobile home on .its lot can also reduce energy con- 
sumption. In cold climates the long sides should face north and south to 
take advaif^tage of the winter sun. However, a carport, fence or planting 
should be provided *on the north side for wind protection. In the warmer 
climates, the long sides should face east and west to catch the cooling 
breezes. Storm winds should be avoided. 



* " * • ^ 

•n^Uh riiiKg energy costs', families are considering all possible ways 

to reduce their honie. heating bills. A well insulated hoi»e, new or old. will 
reduce costly erferc/y bills. . . ' ( 

Today's honie buyers may choose from an almost unlimited variety^ of^styles 
and sizes of homes. The choice is influenced largely,- by total initial 
cost and the amount' of monthly payments. Seldom.are estimated operating 
expenses considered, yet these payments are as demanding as^he mortgage. 
The c6st of thermal .comfort in a hoiiie is frequently the largest item of 
operating expense and should exert a major influence in the home buyer s 
decision. 

Why Insulate? 

If you would like lower heating and cool ing^costs , a more comfortable home 
reduced maintenance, and a better investmehf>p1an on ample insul allien 
in your home. Insulation provides resistance to the flow of heat-either 
out of the home in the winter or into the home in the summer. Recommendations ) 
given in this publication are based on a payback in energy savings in 12 or 
'loss years. As the cost of fuel risss above 1977 prices, payback for insul-. 
ation used will be more rapid. 

Types of Insulation 

All building materials have some insulating value; however. Insulation is 
generally associated with lightweight, porous,^ bulky materials with many 
dead air spaces. Insulation values for various building materig^ls are shown 
in Table 1. The comparative insulation values are indicated", as "R" values. 
"R" value describes the ability of a material to resist heat flow. The 
greater the "R" -^alue, the better, the insulating value. The "R" value is- 
normally indicated on the insulation material itself or in charts, eijther 
per ihch of thickness of the piaterial or for a listed thickness of material. 
For reflective insulation nwterials 'such as aluminum foil, the R value 
is not based on thickiiess of the foil but on its equivalent effectiveness as 
a surface to resist heat flow by reflecting back the heat. To be an effect- 
ive reflector of heat, the reflecting surface must be associated with an air 
space next to its reflecting surface. 

The designation perm is now widely used for the unit of permanahce and is a 
convenient substitution for the unit which is defined as water vapor flow 
in grains per hour per square foot per inxJh of mercury vapor pressure 
difference (one pound of water equals 7,000 grains). In common terms, perm , 
• rating is the capabiTity of a membrane to resist passage of moisture vapor 
through itself-"the lower the peN rating number, the greater the resistance 
to moisture penetration. ^ * 

Insulation is produced in several common forms from a wide variety of 
materials. Those types most frequently used in dwellings are batt and. blan- 
ket, loos»e-fill, rigid, formed- in-pl ace, and reflective. 

■ * MoHmedTand distributed by the University^ of Idaho Cooperative 
Extension Service. Credit is given to Walter E. Matson, Extension 
Agricultural Engineer at Oregon State University,^ Corvall is, Oregon j . 
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Mj:^"4yA" ket ijn^uV^^ n,ade from processed fiberglass, V 
rock wool or c^luloso fibers. One side of the batt or blanket norma 
nas\an attached va])or barrier. {See discussion on vapor barriers ) Th. 
may be either an asphalt paper or a reflective metal foil.- Batts and 
blankets vary in thickness from 1 to 6 1/2 inches and^^are made in-widths^t 
to M.t spaces of 16, 24, and 48 ioiches on center. Batts are- irsQal IV 4 fe'et 
lonc] Blankets may be purchased in rolls of various lengths.: Batts and • " 
blanket insulation als6 can be purchased without the vapor barrie/ attached 

When workTng with fiberglass insulation, use protective^gloves/ -If in- . 
stalling it under floods, use gloves plus a protective face shield to I 
prevent fibergUss dust and particles from entering eyes,^ throat, and 

U)ose-t 1 n iJIsu^ljitjQn^^ are made' from rock wool, cellulose fiber, and fiber- 
glass^ It is usually available in bags or bales. Loose fill insulation 
IS well adapted for use in walls and ceilings of existing and new buildings 
when proper vapor barriers are used. 

^'ii9J:^l_^9a»:(Lor sl^b insula tions are made from cellulose fiber, fiberglass, 
polystyrene, poTyurethane, cork, and others. Some of these are highly 
vapor resistant and can be used without additional vapor barrier if i" 
the edges between boards or slabs are caulked with proper vapor resistant 
compounds. Polystyrene insulation boards formed .by an extrusion process 
and expanded, polyurethane offer good resistance to water vapor transmission, 
txpanded polystyrene, called molded bead board, should not be used without = 
an additional vapor barrier since its perm rating is several times higher 
than that for extruded polystyrene or expanded pdlyure'thane. Generally 
those insulation materials that hav6 a perm rating less than 1.0 per inch 
of thickness can be considered for use without a vapor barrier. 

■^I!]]^^hinrJ^ljc are avaifable as liquid components or cotubina- 

tions of liquids and soTTds and include sprayed and plastic foam types. 
Because of the need for special equipment and techniques required for 
installation of most formed-in-place insulations, it is best to have 
the work done' by licensed coiiinercial applicators. The plastic foam types 
are generally compounds of urethanes or urea -formaldehydes. Others combine 
a treated cellulose material and a liquid glue that is sprayed on a build- 
ing surface. One should be Cautious in the use of foams since some .are 
highly flammable and must be protected with a 1/2 inch gypsum board or an 
equivalent thermal barrier or f irfe-resistive materials having a finish 
rating of not less than 15 minutes. , 

Urea -formaldehyde foams are not moisture resistant without a special 
covering. Testing labs indicate that wat^r vapro transmission per inch 
of thickness of urea -formaldehyde is high. 

» 

One research report indicates that it varies from 50 to 100 perms per 
inch thickness. Another report indicates the perm rating is 26 perms 
(average) as tested under accepted testing procedures. Repiemher that 
insulation materials that have a pferm rating of less than 1.0 per inch of 
thickness can be considered for use without a vapor barrier. 

^ ^ 

Reflective- insulation consists' of reflective foils such as aluminum, 
that interrupt radiant heat. To be effective the foil surface must face an ' 
air space of at least 3/4 inch and. maintain a highly reflective surface. 
Greatest effectiveness In the reductl-on'of radiant heat losses is obtained 
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whPn the reflective a1r space Is 4 Inches from and parallel to the next 
suface Genera w!- reflective Insulation in walls and «i i"g5-J^,f . 
as a combination v;por barrier and-reflective surface, with foil attached 
to batts or bl&nkets. 

When reflective materials are used under floors holes '"^^t be punched 
into the reflective foil every 12 inches along the low point of the foil. 
- 0 dr fn off any standing wat^r or future ^ondensate water The foi b 
ayers must not'fonu an air tight chamber/ Du^t or ox r at on on hese 
surfaces will reduce the foil's effectiveness to reflect radiant heat. 

How Much Insulation' is Needed? . 

Hnw much insulation shouldHae used in the walls, ceiling and under the _ 
mor 5 Shot, d you use jingle pane glass? Should you add storm wifldows? 
Witrweath^.tripping pay?' These a^e questions that everyone shotlTd want 
to have answered. 

To help determine the best combination of energy-conserving measures for 
your climate, fuel costs, and W, proceed as follows: > . ^ 



Determine degree-days for your locatiln. Use local wisather'data 
of cUy nearest you that is listed in Table 2. (Heating needs are 
in degree-days; the higher the number, the more energy needed to 
heat your home. ) 

f Determine "heating index" from Table 3. Follow your "fuel/heating 
rystem' line across to present "cost of fuel," then down to your 
area degree-day line to find heating index. 

■ 3 Use Table 4 to select suggested insulation and storm door/window 
ne^ds for vour heating index as determined abfeve Tables 3 and 4 
are oartially based on information, published by U.S. Department of 
' tom^rce (National Bureau of Standards) and Department of Housing 
and Urban Development. 

For'.examole if you live in Boise and heating gas costs 41 cents Per 
t^er ndyiu furnace has 70 percent fuel efficiency , the heaU/;9^"de^^ 
^ Should be between 29 and 35 (Boise has 5570 degree-days of heating). The 
suggested combination of insulation "R" values for the various structural 
elements of the home. . 

Attic or ceiling R-33 . ' ^ 

Walls R-16 

UnderfloOr (unheated space) R-19 

Heating ducts R-19 ' • • . 

Use storm doors and windows. • . 

' Farmer Home Administration s'uggest a total of R-2b fo^V^he walls for 

homes in areas of ^re than 2,500 degree days^ J^^J^l^^^^X^' ^h w^ d 

siding and interior walls has an R value of about four (R-.4). This would 

require insulation with R-16 insulation. 
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Table. I. Approximate Insulation Value of Various Building^Materials 



5. 



6. 
7. 



I nsula tion V^lue (R) 



Per 
Inch 
Thicknt^ss 



Batt and blanket irTsulation / 

Fiberglass, rock wool , cel. lulose 

Fill-type insulation 
Cellulose 

Fiberglass or rock wool 
Vermiculite (expanded) 
Urea-formaldehyde (foamed) " 

Rigid insulation 

Expanded polystyrene extruded 
Expanded pol^yurethane , 

Building material s 

Brick, high densfty 
Concrete, poured 
Concrete block, 3 hole, 8" 
Lumber, fir or pine 
Plywood, 1/2" I. , 
Particle board, medT density 
Insulating shftathing, 25/32' 
Gypsum or plaster board, 1/2" 

Window glass, includes surface condition^ 
Single glazed " 
Single glazed with storm windows 
Double pane insulating glass 
Triple glazed - ' - 

Air space (3/4" -4") 

Floor, (1) vinyl covering, no insulation 
Floor, (1) carpet/rubber pad,, no insulation 
noor,(l) carpet/rubber pad, R-11 insulation 
Floor, (1 ). vinyl covering, R-11 insulation 
wall, exterior siding, no insulation, • 
interior sheet rock 



3.1-3.7 



3.1-3.7 
3.0-3.5 
2.13-2.27 
4.4-5.5 



4.0-5.9 
5.8-6.25 



0.11 
0.08 

1.25 

1.06 



' (For 
thickness 
1 isf.ed) 



1.11 

0.62 

2.06 
0.45 



0.86 
1.82 

1.5-1.75 
2.79 

0.96 

3.6 : 

4.9 
15.9 
14.6 

4.0-4.3 



(1) Floor construction - 1/2" plywood, 2" T&G Wood, 15 pound felt paper. 
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Table 2. Degree-days in a norn«l heating season in selected Idaho 

Degree-days 

City 

: — \-C — — ■ r : "7 

Aberdeen . . . , o?^^ 

A I i. ^ .... oboU 
Ashton f-^jf. , 

Burley \^ 

Cambridge ; • • ^ifi' 

Cascade • ^' 

Driggs - ' ' sWq 

Dubois "i-^^ 

EiTimett 

GVangeville • • • ^580 

Idaho Falls ; ^ 

Kellogg ; • ' • 

Lewiston •, 

Malad 

McCall -^760 

Wlier • -1%^^ 

' . 5730 

Parma t-^,^ 

Payette , 

. Pocatello • • "I'iZ 

'Jf'^: .•.•.•.".7600 

Salmon • ^^g^ 

Sandpoint • • " ^ 

Shoshone . 3" 

Sun Valley " 

Twin Falls • • ^^^^ 
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Table 3'- DeteriT\ining heatinq index 



Fuo J/hoatl nq system 



Cost of fuel 



Oi 1/qal Ion (70% 'ef f ) 2 
Oi 1/qal Jon iSOl ef f ) 2 
rtris/ therm (70% eff) 
CM)s/thcnn(5(r% eff) ^ 
l?ospstcuice 1:1 ec , /kwh 
*iH^\n t pun^p (1.7 cop) ^/ 
kwh 

Heat pilmp (2.0 cop) ^/ 
kwh 



Cents 


Cents 


Cents 


Cents 


. Cents 


Cents 


Cejits 


Cents 


49 


59 


65 


72 


86 


100 


.118 


144 


35 


41 


46 


51 


61 


72 


82 


103 


•35 


41 


46 


51 


62 ■ 


72 


82 


103 


25 


30 


33 


36 


44 


51 


59 


73 


1.7 


2.0 


2.25 


2.5 


3.0 


3.5- 


4.0 


5. a 


2.9 


3.4 


3.8 


4.3 


5.1 


6.0 


6.8 


8.5 


314 


4.0 


4.5 


5.0 


6.0 


7.0 


8.0 , 


10.0 



Dcqrpe/days 



•5, 000 
6, 000 
"7,000 

8, 000 

9, 000 
10-, 000 




Heating index 



25 


29 


33 


• 37 • 


44 


51 


59 


73 


30 


. 35 


40 


44 


53 


62 


70 


88 


35 


41 


46 


51 


61 


72 


82 


103 


40 


47 


53 


59 


70 


82 


94 


117 


45 


53 , 


60 


67 


79 


92 


106 


132 


50 


59 


67 


76 


88 ; 


102 


118 


149 
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Tncliide all taxes, surcharges, and fuel adjosbnemts, 
2 . . 

Krriciency you as Ixmec^vner realize frcm fuel pLirchased for your particular heating 
system. 

Table 4. Suggested combinations of home insulation techniques by heating index 



Heating 
index 



J3-20 

21-27 ' 

28-35 

36-45 

46-60 

61-^5 

85-150 



Attic 
insulation 



Wall 
insulati 



1 



Floor 
insulation 
(unheated space) 



R-30 
R-30 
R-33 
R-38 
R-44 
R-4 4 
R-44 



R-11 
R-16 
•R-16 
R-16 
R-16 
R-16 
R-16 



R-11 
R-19 
R-19 
R-22 
R-22 
R-22 
R-33 



Duct 
insulation 



R-11 
R-11 
R-19 
R-22 
R-22 
R-'2 2 
R-22 



Storm doors 
and windows, 

\^^ther 
stripping 



(glass) 
(glass) 



ho 
yes 
yes . 
yes 
yea! 

triple 
triple 



The tot^l R value of the wall, including insulation (R-16), structural wood, 
extei^ior siding, surface filmir^so. stances, and interior wall, would approach 
R-20. . . 
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Relative Effectiveness of Insuldti(^n 

*l<iblo 'j shows compel ra five hedting costs for various structural elements 
\\\ an averacje 1,250 square foot home using suggested "R" values of insulation 
versus an uninsulated element'. The heating degree-days ind^x is 4,854, the 
outside design tempera t^r^e' 1 7^F . , and the cost of electricity 2.6 cents per kwh 

4 

for older homes consider adding. Insulation to the ceiling first. The ' 
celling has the biggest source t)f heat loss in' most homes. If your home 
ceiling already has ^6 inches or more of insulation (R value ,is 19 or higher), 
'you should look elsewhere to reduce energy costs-. Ceilings with* 4 inches 
(R 14-16) 0^ less iilH^Jtion are in need of added insulation. When adding 
batts to the top of existing ceiling insulation, use only, uncovered batts (batt 
"without a vapor .barrier covering). A vapor barrier on top of the existing * 
insulation would trap water vapor in the insulation. 

^ Next place to look for heating energy reductions is under a floor^that 
is over unheated spaces. Batt type insulation is reconmended under floo^^. 
Use the amount o<^ insulation suggested for your locality as determined .by 
the heating index. Be sure your water pipes under the floor in unheated 
' spaces are protected from freezing and that heating ducts in any unheated space 
are wrappecj with insulation. It has-been estimated that the average home's 
uninsulated heating ducts in unheated crawl space lose as much as 40 percent 
of the heat being suppli^l to the ducts. Wrap at least 3 1/2" of insulation 
(R-11) around heating ducts in unfieated spaces to reduce heating energy losses. 

If you have single pane windows, the addition of storm windows would 
provide another reduction in heating costs. In some homes, the addition of 
storm windows would be one of the first areas to consider i*n reducing heat 
losses. 

, figure your walls as one of the last areas to insulate. Unless you 
'are planning to do extensive remodeling, you will find it difficult to add 
insulation that would not cause a moisture problem in the wall. A' inajor* con- 
cern with blowing or foaming insulation in the wall of existing homes is 
moisture. All insulated walls slvgwld have a vapor barrier on the warm ^ 
interior side. A. 

Table 5. Comparative heating costs for an insulated versus an uninsulated struc- 
tural element. , 

. Approximate 
' Heating Costs/Year 



Amount of 




Area 






Insulation 


Location 


Sq. Ft. 


Insul ated 


Uninsulated 


None^ 


Floor 


V 1,250 




$113.77 


R-11 


Floor 


1,250 


$44.79 




None 


, Cei 1 ing 


1,250 




273.00 


R-30 


Ceiling 


1,250 


21 .33 




None 


Wall 


996 




. 124.64 


R-11 


Wall 


996 


41.37 




Single glass 


Windows 


144 




122.86 


Double glass 


Windows 


144 


73.72 


r 



.^Standard construction oractices with no insulation installed 




Vapgr Barriers 



A typical family of four converts 3^allons of water Into watei: vapor 
In the hom^each day. -A vapor barrier is needed to restrict the |>^netration 
of water vapor into and through insulation where- it may cdndenae either in . 
the fflsulatlon or on other components of the wall and ceiling btructurcs. 
Th.ls condensation wriuld result In wet insulation ^ ratting wood structural 
fiK-mbors and, In some cases, peeling paint. Most batt and blanlctrt" insulations 
havo a vapor barrier attached to, one aitfe. The barrier sliould always, bo 
Installed on the warm side (the side, next t6 the living area) in the homt'. 
Install. a vapor Wrier on both the sidewalls and celling and under the 
floors that are over an unhoated spac^ The vapor barrier under the flqor 
must be right next to the flooring or its underlayment . Make vapor barriers'^ 
continuous and be sure to patch any holes punched during installation. To 
keep water vapor from being drawn up out of the earth, cover the groun*^: 

• vapor barrter " ^ 



warm ^ 
surface 




cold drv 
air 



warm 
moist air- 
stops here 



under a crawl space of a home with a 6 mil plastic sheet* Be sure any^ 
holes and edges on the t:overing are patched and taped with water resis- 
tant tape. ^ All joints should be lapped 12 inches and. taped. ^ 

Be sure tj\at the foundation area has a'dequate water drainage. A high 
water table could force the plastic apart and greatly Increase moisture 
problems under the home. 



- In insulating existing, homes fairly good moisture protection may be 
obtained by one of thes^ methods: (1) apply a 4 tg 6 rail thick plastic 
sheet over inside of existing, walls and cover it with additional wood or 
sheet rock*, (2) apply two or three coats of leafing aluminum in varnish, 
phenolic formulation, or alkyd paints, (3) apply two or more coats of a' 
good alkyd base semigloss pairtt over a primer coat of leafing aluminum 
paint, (A) cover the walls and ceiling with a washable plastic wallpaper, 
(5) apply three coats of good quality semigloss enamel on smooth sheet 
rock, plaster oV wood, (6) apply three coats of urethane varnish to wood 
paneling. 

When buying paint for use as an interior vapor barrier, check the ' / 
labeT on the paint container. Some manufacturers are listing, the perm 
ratings for their paints, primers,- and sealers. 

Latex paints, stains, and water repellent preservatives do not effec- 
tively , exclude moisture vapor. Their ability to restrict moisture vapor 
is considered to be less than 20 percent effective. The other vapor- 
barrier treatments liste^ above should restrict 75 percent or more of the 
barrier. It is desireable for a vapor barrier to have a rating of one 
perm or less. 



Ventilation 



Attics sfK)uld hp ventilated to remove any water Vapor that gets tfiroujh 
the vapor barrier. If signs of condensation are 'noted' after one heating 
season, add more attic vents. If th^e is no vapor barrier In the celling, 
prov.ide^ 1 square foot of gable 7ent,area for each 150 square Mi of ceiling 
area. Place fial f of the vent area In each gable. ^If a vapor barrier i.s 
placed, in the ceiling the gable vent area can be reduced by half. 

The A/ent area may. also be reduced {o ] square'*foot per 300 square feet 
of ceiling if at least 50 percent of the r^equirecj ventilation -area is pro- 
vided.hy vents located in the upper portion of the space' to be ventilated. 
Have upper vents at least 3 feet above, eave or cornfce. The balance of the 
ventilation should be provided by eave or cornice vents. 




To provide space for R-30 and greater insulation amounts in the ceiling 
and to maintain proper ventilation flow from eaves over ceiling insulation, 
new homes should use truss designs sinlilar to that shown using a 12" minimum 
cj^arance between wall place and roof. This would allow 10 inches of 
insulation and a ?. inch clearance for ventilation air. 

The underfloor area should be ventilated by openings in exterior foun- 
dation walls. The openings Should have a net area of not less than 1 1/2 
square feet for each 25 linear feet of exterior wall. Locate the openings 
as close to corners as practicable and provide cross ventilation op at. 
least two approximately opposite, sides . The -openings must be covered with 
a corrosion resistant wire mesh not less than 1/4 inch and not more than 
1/2 inch in any dimension. . ' 



12" minimum 




Ice Dams 



r 



In ay*oav with heavy snowfari, ice dams can form on rcjof a^d q^ves to 
trap water and^cause it to leak into the house. Po(»'ly ins.iil"^tGd houses 
witfiout proper ventilation lose enough heat to melt snow '(|n the^ roof. ■'■Thi^ 
water flows down the roof .and refreezes on the cold, over^hiuijcj, forming an 
ico dam that backs up water. Adequate attic insulation v^nH;'gable and^Qave 
vents will keep the attic cold enough to eliminate most \j:'e^'*(iaJn problems, m 

> , ■ . . 

Properly installed switch controlled heating cables will ma'Jfitiin cfjanneTs^ 
through the ice on the overhang so that water' from melting ^r^pv^.^M ' i c e 
on the roof will drain away. Electric heating cable install l;c^(f:4«^. gutters . 
and down-spouts will keep them open. Sfee your electric povye^ sV^l'^er. . 
representative for proper instal 1 ation of heating cables. UseUh^-vheatintj 
cables only when snow or ice build up occurs. ^ 

Infiltration and Ventilation Los.ses 




These vary to a great extent depending on how tightly windows and "tl^i^ 
fit. Tnfi 1 tration -losses can be reduced to a minimum with good qyaTil 
construction an^ weatherproof ing. Proper weatherstripping can norniiilj^' 
reduce heating energy needs from 10 to 20 percent. About 1/2 air (fhah\ . 
per hour in a normal home-will remove excess water vapor from co'bking/.'^^': 
bathing, washing clothes, etc., as well as removing odors and providifig 
fresh air. A house with poorly-fitting windows and doors may have- up tp^^ 
two air changes per hour. , '"■■ 'j^^ 

Oil, gas, and wood-burning heaters need ample air for efficient cofjii^i|s^^<t,:jj^ 
of its fuel. Don't waste the air that costs -money to heat. Provide -sl^e-' >| 
cial air ventilation inlets for your fuel combustion heaters. ^/ '•? 

* • ■ * ' ». 





Fireplaces are a major source*of infiltration losses even when the fire 
is burning. When the fireplace has a fire in it, it pulls large quant itijS's" 
of air from the room for combustion. A fireplace can draw from' 90 ofm \ ^} 
to 400 cfm (cubic feet per-minute) of air from inside the house. Under ^ 
average winter weather conditions, this could be a heat loss from the^ 
home of approximately 3,500 to 15,000 Btu per hour. Provide a fresh 
air inlet for your fireplace. Also provide good dampers and a glass . \ 
screen to block the fireplace opening and thus reduce wasteful loss of -/^ 
warm'air froin the house. ' 

Use glass fireplace screens only on fireplace-chimney combinations 
approved for use with; such screens. These screens restrict air flow, 
which can result in higher temperatures in exliaust gases in the chimney. 
Unless metal piping has been desi-gned and insulated to withstand these 
temperatures there may Be increased fire hazard in wood or other 
combustible tjeterial surrounding the chimney. * , . 



Dehumidifiers 



> 



In homes with fullj^ insulated walls and ceiling and tight vapor barriers, 
it may be useful to hav^ a dehumidifier in the home. It not only reduces 
the moisture content of the air in the'home, but will conserve the heat 
of the .vapor that would otherwise be exhausted out ofHhejhome. One 
pound of water vapor contains about 1,000 Btu of heat. A relative 
,hurtiidity near 50 percent in the home is considered desirable. 
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READING A KILOWATT-HOUR METER 



In order to determine the^effectiveness of your energy*conservation 
efforts you must be able to tell how much enerqy is being consumed at 
your house. The easiest way to do this^ is by taking meter readings. Elec- 
tric and. gas meters give the total » or cumulative, energy consumption. 
They operate much like the odometer on a car. You must comparg. beginning 
and end readings to find out how much energy your family used over a given 
period of time (one day, one week, one month). For example, if your meter 
read 35721 kilowatt-hours on Monday nwrning and 35731 on Tuesday morning., 
it means your home consumed 10 ki lowatt -hours of electricity for that day 
or 24-hour period. 

Most electric- meters have five dials organized from right to left: the 
rightmost indicates kijowajtt-hours; the next dial tens of kilowatt-hours; 

then hundreds; and so on. But the dials alterndv?ly rotate clockwise and 

counterclockwise. You should record the digit the. indicator has just 
passed. Study the illustrations and readings below: 




READINGZ 66190 

The dials of a gas meter are mucH like that of an electric meter except 
that there are usually only four dials with markings representing 100 
cubic feet on the rightmost dial. In the illustration on the next page, 
the reading of 4846 represents 484,600 cubic feet of gas. 




READINGZ4846 

If, after one day, the reading were 48?6, then the consumption that 24-hour 
period would have been 3,000 cubic feet of gas. 

487600 
-484»0Q 

' 3006 cubic feet of gas 

,. ■ ■ , ^§ ...:„." , ■ 



Now check your meter and record your findings: 



Initial JReading ^ 

Final Reading 

Consumption for designated 
time period 



Now institu^? one or several energy-conserving practices (reset ther^ 
iTOstat; clean filters; cut down on use of lights, appliances^ TV; taKe 
short showers ) and record your findings: (Use the same time period as 
befor'e) 

Initial Reading^ ^ , 

Energy Conservation Measures Tnstituted 







m . Final Reading^^ 

Co^stimption for designated 
time period _____ 



Was there a reduction in consumption' when conservation was practiced? 
Suggestions: 

1_. Use a time period af at least a week. 

2. Ask, your local Utilities for information or demonstrations. 
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Now that you can read your meter, you can investigate the effects of 
therniostat setback on the energy consumption at your residence. Dur- 
ing the cooling season, thermostats should be set up to 78^F to reduce 
the use of mechanical air conditioning and during the heating season, 
set down to 65^F. For additional savings, the theniwstat can be set 
back to 60^F during the nitjht. The effeclrof these thermostat setbacks 
will vary from residence to resi(ience, but should be significant. 

To test the impact of thermostat setback at your home, first determine 

the weekly consumption of energy pHor to the setback. Read your gas, oil, 

or electric meter one week before the setback and read it a second time 
exactly seven days to the hour later. 



For exanple: 



First .Readinc | 
Meter Reading: 14276 
Date: 9/8/77 
Time: 8:00 a.m. 



kwh 



Second Reading 
Meter Reading: IZVj] 



kwh 



Date: 
Time: 



9/15/77 
8:00 a. hi. 



The energy consumed by the example home for the week was 925 kwh (151(01 kwh 
14276 kwh = 925 kwh) 

IiTinediately after the second reading set back the thermostat 5°F lower 
heating and 5°F higher if cooling. Then take a third meter reading exactly 
seven days later. 



For example: 



Third 



Meter Reading: 
Date: 9/22/77 
Time: 8:00 a.m 



Reading 
T5897 



kwh 



The energy consumed by the example home for the week with the set back is 
796 kwh. To determine the possible savings, find the difference between 
the first week's consumption and the setback week's consumption. 

I ' 

Using the example home: ' , . . 

925 kwh - 796 kwh = 129 kwh 
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Now try the test at your residence. 

First Roadjmi . Second Reading Third Reading 

Meter Tea cTTng: Meter Reading: Meter Reading: 

Date: ^ " ' Date: " Date: . _____ 

Time: """^ Time: • Time: . . " 

First weeks 's consumption: 



meter reading 2 . nieter reading 1 Consumption 
Setback week's consumption: 



meter reading 3 - meter reading ? = Consumption 

Savin gs 

First week's consumption Setback week' s~consumpt ion Savings 

Questions : 

1. Why is it better to use a week's consumption for comparison rather 
than a day or an hour? ^ 

2. What could be possible reasons for finding no savings or possibly an 
increase in consumption during the week with the setback? 

3. , How much money could be saved in a vear if you could reali>ze the 

savings you found (if you found one) during the setback week? 



r- 
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The heatinq and cooling load of a home may be reduced by! 

? 

1. Installing storm doors and Windows. 

2. Properly weatherstripping and caulking windows and doors. - 

3. Reducing the area and number of windows and doors. 

4. .Using wood or Ins.ulated and/or thermal work metal for 

windows and doors. ' . 

5. Using a vestibule area. , 

6. Locating openings so as to avoid cold winds. 

7. Properly locating and shielding openings- to optimize the 
effects of solar radiation^ 

8. Properly locating openings for natural ventilation. 

In addition to the steps already mentioned, several tips for 
improved maintenance are given below: 

1. Dust radiators and wall or baseboard units frequently. 

2. Don't store a lot of junk around furnaces)or air-conditioners. 

3. Keep draperies and furniture away frdm vents, thermostats, and 
• equipment. 

4. Don't allow vegetati^on to surround or Impinge on outdoor 
equipment. 

5. Do not abuse the equipment — call a serviceman. 



Wattage 1s not a measure of the amount oif light glv^n off by a light bu1b» 
but how much energy Is required to operate It. l,he amount of light It pro- 
vides Is Indicated In lun)ens. Bulb packages should give not only the wat- 
tage required, but also the lumens produced by the bulb. Using bulb pack- 
ages. compare several Incandescent and fluorescent bulbs for efficiency 
(lumens per watt). V\ 
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For example: A lOO^-watt Incandescent bulb may yield 1750 lumens which 
gives the bulb an efficiency of 17.5 lumens per watt: 

1 750 lumens = 17.5 Ldmens per watt 

100 watts • J 

Determine the efficiency of the following bulbs, plus any others you may 
have. r ^ J J 



A. 100 watt fluorescent bulb:. l umens 

100 wat'ts 



lumens per watt 



B. 40 watt fluorescent bulb: 

C. 100 watt incandescent bulb 

D. 25 watt Incandescent bulb': 



1 umens 
"4(rwatts 



lumens per watt 



lumens 
100 watts 



r lumens per watt 

^lumens per watt 

1. Which type of lighting Is more efficient— incandescent or fluorescent? 



lumens 
7?~watts 



Is it more efficient to buy four 25-watt or one-100 watt Incandescent 
bulb? • . 



Suggestions: 

1. Ask the school maintenance supervisor for empty fluorescent light bull 
boxes. The information you need Is on thete, not the bulb. 

2. Have students bring in bulb tees from home. , 

3. Check at home for the use of multiple low wattage bulbs where a larger 
wattage bulb might be used to. save energy. But rertiember, a larger 
wattage bulb gets hotter during operation and some fixtures- *re not 
designed for the larger wattage bulbs. 

4. Discuss the comparative lifetimes of fluorescent and Inc^rSe^cent bulbs. 
(Refer to Section 3.2, "lighting." ) . 

5. Discuss the turning off and on of 'incandescent and fluorescent bulbs. 
(Refer to Section 3.2, "lighting.") 



27 



CONSERVING GAS. USE - FOUNDRY FURNACES 



Proper maintenance of the fuel air metering devices 
on the furnace is important. 

Air for combustion should be 'filtered or cleaned. 

Make-up air can be pre-heated by using iiot gases 
escaping from the port in the lid. 

Pre-heating the metal to be melted - this, in son»e 
cases, can be done by replacing the charged material 
on or near the furnace lid. However, do not cover 
the port. 

When nielting continuously keep the furnace lid closed 
keeping as much of the heat in the furnace and its' 
refractory. 

Time your melt cycle so that the molten metal does 
not have to be held in the furnace for any great 
length of time. This will also cut down on the gas 
pick-up. 
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HOT WAT£R CONSUMPTION 



The iMjor uses of hot water in the hon)e are for bathing anti laundry. Use 
the data sheet provided to estimate your family's hot water consuniption for 
a week . . 



Task 


TTumlBer o^ 
times/weeki 


Wtfpl^er 
(In gallons) 


Ouantlty oinWot Water 
(in gallons) 


Tauhdry loads 








tub baths 




15 


0 


showers 




25 




dishwasher loads 




20 




washing dishes 




10 








5 

'"^"^ •^-r— -rrTTMTITl-Mf»»«|-|Ti,|,,ii^ Mlina 


s •«W«.T»M» iHVAKiaira n xmm maim ■! n 



Total — 

Tally the nuniter of times per week the task using hot water occurs. Then 
multiply the number of times by the multiplier provided. The multiplier 
is the average amount of hot water required for the task. The resulting 
value IS the quantity of hot water consumed for the task. Then add the 
quantities for each task to arrive at .an estimate of the hot water your 
family uses in one week. (The average. household uses about 350 gallons of 
hot water per week..) * 

9 

You can now approximate the energy required to supply this quantity of 
hot water. ^ ^ . 

, gallons X 2.45 watt-hours/gal . = . watt-hour 

quantity of water ^ 



If you use 
per year' or 



jallons per week, you use approximately 52 times that 
gallons. 



Calculate the energy cost for a year's consumption: 



V 



' , g allons x 2.45 watt-houfs/qal . = watt-hours 

quantity of water 

.J kwh for one year (just move the decimal 3 places to 

the left}. Find out the rate iVi your area for electricity per kwh and 
determine the cost of one year's hot water consumption. 
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^kwh X cents 

yearly enerciy rate kwh 

consumption for 
hot water 



How could you save money an^energy for hot water at your house? 
Some' things to look for if your hot water consumption is high: 



1. Check your water heater's thermostat--it should be set at 140°F 
or less. 

2. Check for leaks. 

3. Are the hot water pipes insulated? 



•Suggestions: 

1. Students should bring in their tallies of frequencies from home and 
do the calculations as a class. ^ 

2. All of the figures and calculations in this activity are based on 
avera(;'3s and estimates and do not'indicate actual hot water use. 
However, by checking appliance manuals and timing showers (approxi 
mately 8 gallons of v^^^.ter is used per minute)^ a more accurate 
consumption figure could be obtained. 



V 
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HEATING AND COOLING DEGREE DAY DATA * 



HEATING DEGREE DAYS 

Early this century heating engineers developed the concept of heating degree 
days as a useful index of heating fuel requirements. They found that when 
the daily mean temperature is lower than 65 degrees, nwst buildings require 
heat to maintain an inside temperature of 70 degrees. + The daily mean 
temperature is obtained by adding together the maximum and minimum tempera- 
tures reported for the day and dividing the total by two. Each degree <of 
mean temperature below 65 is counted as one heating degree day. Thus,Mf 
the maximum temperature is 70 degrees and the minimum §2 degrees, four 
heating degree days would be producecl. (70 + 52.= 122; 122 divided by 
2 = 61 ; 65 - 61 =^ 4). If the daily mean temperature is 66 degrees or 
higher, the heating degree day total is zero. ^ 

For every additional heating degree day, more fuel is ne<>ded to maintain a 
comfortable 70 degrees indoors. A day with a mean temperature of 35 degrees -• 
30 heating degree days - would require twice as much fuel as a day with a 
mean temperature of 50 - 15 heating degree days, assuming, of course, similar 
meteorological conditions such as wind speed and cloudine'ss. 

So valuable has the heating degree concept become that daily, monthly and 
seasonal totals are routinely computed for all temperature observing 
, stations in the National Weather Service's network. Dally figures are used 
by fuel companies for evaluation of fuel use rates and for efficient scheduling 
of deliveries. For example, if a heating system is known to use one gallon 
of fuel for every 5 heating degree days,, oil deliveries will be scheduled to 
meet this burning rate.' Gas and Electric Company dispatchers use the data 
to anticipate demand and to implement priority procedures when demand exceeds 
capacity. ^ : 

The amount of heat required to maintain a certain temperature level is pro- 
portional to the heating degree days. A fuel bill usually will be twice as 
high for a month with 1,000 heating degree days as for a month with 500. 
For example, it can be estimated that about four times as much fuel will 
•be required to heat a buildiag in Chicago, where the annual average is 
6,-100 heating degree days, as it would to heat a building in New Orleans, 
where the average is about 1,500. All this is true only if building 
construction and living habits in these areas are similar. Since such 
factors are not constant, these rations must be modified by actual experience. 
The use of heating degree days has the advantage that consumption rates are 
fairly constant, i>e., fuel consumed for lOO degree day$ is about the same 
whether the 100 heating degree days were accumulated on only three or four 
days or were spread over seven or eight days. 

+ All temperatures degrees Fahrenheit unless otherwise specified. 

* by National Oceanic and Atmospheric Administration, U.S. Department 
of Conuiierce, Sept, 1974 " • , 
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Accumulation of temperature data for a particular location has resulted in the 
establishmnet of "normal" values based on 30 years of record, (see Note 1). 
Maps and tables of heating degree day normals, are published by the National 
Oceanic and Atmospheric Administration's Environmental Data Service (EDS). The 
maps are useful only for broad general comparisons, because temperatures, even 
in a small area, vary considerably depending on differences in altitude, 
exposure, w ind, and other circumstances. Figure 1, NORMAL SEASONAL HEATING 
DEGREE DAYS, 1941-1970, illustrates the national distribution. Tables of 
normal iTwnthly and annual heating degree days for U.S. cities provide a more 
accurate basis for comparison. The tables show, for instance, that Washington, 
D.C. (National Airport) has a normal annual total of 4,211 heating degree days, 
while the normal for Boston, Masst^chusetts (Logan International Airport) is 
5,621. 

Heating degree day comparisons within a single area are the most accurate. For 
example, March heating degree day totals in the Midwest average about 70 percent 
of those for January. In Chicago, the coldest six months in order of decreasing 
coldness are January, December, February, March, November, and April. Annual 
heating degree day data are published by heating season which runs from July 
of one year through- June of the next year. This enables direct comparison of 
seasonal heating degree), day data and seasonal heating fuel requirements. 

COOLING DEGREE DAYS 

Thecooling degree day statistic - summer sister of the familiar heating 
degree day - serves as an index of Jir-condi tioning requirements during 
the year's warmest months. 

According to experts, the need for air-conditionfng begins to be felt when 
the daiTy maximum temperature climbs to 80 degrees and higher. The cooling 
degree day is therefore a kind of mirror image of the heating degree day-. 
After obtaining the daily mean temperature, by adding together the day's high 
and low temperatures and dividing the total by two, the, base 65 is subtracted 
from the resulting figure to determine the cooling degree day total. For 
example, a day with a maximum temperature of 82 degrees and a minimum of 60 
would produce six cooling degree days. (82 + 60 = 142; 142 divided by 2 = 71 ; 
71 - 65 = 6). If the daily mean temperature is 65 degrees or lower, the 
cooling degree day total is z«ro. 

The greater the number of cooling degree days, the more eTiergy is required to 
maintain indoor temperatures at a comfortable level. However, the relationship 
between cooling degree days and energy use is less precise than that between 
heating degree days and fuel consumption. There is considerable controversy 
among rieteorologists, as well as air-conditioning engineers, as to what meteo- 
rological variables are most closely related to energy consumption by air- 
conditioning systems. Many experts argue(that because high humidity levels 
make people feel more uncomfortable as temperatures rise, some measure of 
moisture should be included in (;alculating energy needs for air-conditioning. .. 
The Temperature-Humidity Index has been suggested as an alterpative basis fpr 
calculating cooling degree days. In addition to humidity some experts feel 
there are other factors, such as cloudiness and wind speed, that should be 
included in computation of energy needs for air-conditioning. All agree, how- 
aver, that there is a n^ed for a more effective measure of tjye inf 1 uence of 
weather'on air-conditioning loads. n: 
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Unt il d definitive study of the. problem is conducted, NOAA's EDS is 
continuing to use and .publish statistics based on simple cooling degree 
day calculations, employing air temperatures measured at National ' 

^Weather Service Offices and cooperating stations throughout the country. 

, As with heating degree days, normals of cooling degree days have been 
established, based on 30-years of record, (see' Note 1). FIGURE 2. 
NORMAL SEASONAL COOLING DEGREE DAYS, 1941-1970, illustrates the national 
distribution. 
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NORMAL SEASONAL HEATING OEGREf OAYS < BASE 65°F ) 1941-1970 /\ 
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■ V....iff. . 





Aberdeen 
• Ashton 
Boise 
Burley 
Cambridge 
Cascade 
Driggs 
Duboi s 
Emmet t 



7060 
8560 
5570 
6560 
6730 
8110 
8240 
8170 
5250 



Grangeville 6580 

Idaho Fall^ 763Q 

Kellogg 7740 

Lewis ton . 5310 



Malad 
McCall 
Montpel ier 
Moscow 
Parma 
Payette 
Pocatej^Jo _ 
Preston 
Salmori ' 
Sandpoi 
Shoshone 
Sun Valle^^ 
Twin F^lls 




6860 
8760 
8870 
6350 
5730 
5610 
6770 
7000 
7600 
7080 
6650 
10340 
5930 
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IMIHODUC riON; 



S. A. Weeks' (md D. R. Prlce^ 



I ^ , .H.all.M. of po„„r from wind. Thla Incxlmu.ttblc source of encuv also ' 

rj ,o' rr.Vr "/r" '^"ese nultl-bladed units conierr 

,;nuZ,Z IT, ? P"™''- '"""■Pl"8 water with wtndmlUs was and 

r 'o rolatlyely low power requirements aLo 

SSF" 3:po™:;^pr e^r-:!::--^:-^ - 

re,', I., i b t so?:":;^' r*'"-'"^-*' accompanymg 

' .„,„pe.e wal^^l^t^'ener^t^rs^aa:-:: ^^'"^'^ 

"ac'|oc'.uIon:'"f'f°'; J" -^Jl""* '° -l-ltle« and directions 

vel., Itv of T\ u problem Is complicated by tbe fact that the 

•■■ I . nf wiu 'bfr "1" -"^l-^vely stable weathe ' " 

- I..- >-:nferr:vV,al'o'"lt:b:t " "^-r-l"^'"- ^^-e P-ximlty , 

I'l 'l-^ (175 ft d ! 1 ^"""^ "''I- ■'■he 15-ton 

<lo„ The otorh into the lines of the Central Vemont Servlfce Corpor- 

p.o,..- :;:::;on^:d"d^^::^iir^rar!ir""^ °' --^ 



N^'.w\orrstato":?i"' /^P-^iBent of Agricultural Engiueerlng; 

Stato College of Agriculture & Life SclenceB. Cornell Unlvetslty, 

N^w^orr^Mte'coJ^: IVl'T"; ^^^^^^^'^^^"^ f Agricultural Engineering, 
crlt btate College of Agriculture & Life Sqlences. Cornell Unlverslt;. 
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Smith-Putnam Wliul Gqiiorator ConstrucftMl In Vermont (19A1) 

WIND POWER potential; 

r:)wor In the wind govurnod by the iollDwInr. oqnation: 



V » 5.02 X 10 ^ AV- 



wlicre P « thiiorot icnl power, (watts) 

A «^ aroa swept by the rotor (ft*^) 
.V wind velocity* (miles pet hout ) 

vf 

Ah an uxample, a wlnclnUil with 6 (l. Uiameto.r blades presents a sweep area of 
;^,B.3 ft"" to the wliul. In a .1^ mph. wliul the powrr in the wind for this area 
would bo AHO watts. However, f rem ,turh Inu tlieory, a maximum of ^59.2 percent 
of this value can* be obtained by any windmill, reducing the maximum available 
power to watts. Now, .since a woll-tl. s if,ned impeller may obtain approxi- 

mately 75 percent of tlic maximum available power, the power at the output 
.shaft iH reduced to 21} watts. Thlt; tlj^ure would be further reduced when 
♦ converting .qhaft power to electricity or^'lioai . Ai) overall power efficiency 
of 30 percent is an averap.t which could b«.^ expected from windmills. The 
Toilowlng table indicate;; tlio power available from the wind in an overall - 
.jyutom. 
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I'lopo 1 lor 



<♦ 
6 
8 

10 
\-J 
I A 
16 
18 
20 



Avalliiblo power (wuUh) I lom the wind asfmmlng 
« Hystom eCf Iclcncy of 30 percent 




WIN!) VI'1X)C1TY (mlloH per hour) 
15 



10 



20 



2'j 



19 
A3 
76 

119 
1/0 
232 
307 
383 
A73 



6A 
lAA" 
256 
399 
'575 
782 
1022 
1293 
1597 



152 
3A1. 
605 
9A7 
1363 
1855 
?423 
3066 
3785 



296 
665 
1183 
18/. 8 
2661 
3623 
4731 
5988 
7393 



It should bo noted th/it , nlthough efficJoncy of a wind power system In 
iiiipv.rtaiu , In the f inal annlysio power output per dollar Input Is the malri 
'Jldtli fx)!- Judging the operation. Another factor to be considered Is the 
>;U};( l.ojsM of tho winds. Due to gusts the energy actyally obtained over a 
l'« rlo<l*of time may bo double that calculated using the average wind velocity. 

Is duo to tlHi fact that power output changes with the cube of the wind 
•IM I'd wlilch monns tluit high velocity, low duration guats have great power 
!»'t fill la I . 

An «!.st iinat Ion of the potential nionthly output can be estimated by mult iplying 
lUi' rated output of the system by the factors In Table 2. 

Table 2. Factors for estimating 
monthly power outputs 



Averag.e 
Wind speed, mph, 



Multiplier 

Factor 



8 
10 
12 
14 



AO 
60 
80 
100 



i\.r example, a vrind generator rated at 2 kilowatts and located In an area with 
m average wind speed of 12 mph., wov'ild be expected to generate 160 kilowatt- 
)iours per month. 
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HOUStHOLD POWER DEMANDS: 

A knowledge of the average energy consumption of various electrical appllfinces 
(« useful in placing the problem in proptr perspective. Table 3 lists many 
common household appliances. Average electricity consumption for a houselvold 
without electric heat would be In the range of AOO-600 kilowatt hours per month. 
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A ktlowatt-hour (kvh) 1» Biraply 1000 watts U9«d for one hoi^r 
hmuitiR for 10 hourH umou ono kl lowntt-hour . 



A 100- watt 



Tublu J. I'.flttinaLud annual kilowatt-hours conflumption of 
oelcctel electrical appliances 



l''.8t. kwh 



Mr Condlt.lQ,nur (central) 


. 2500 


Ail Condltlonor (roojn) 


595 


IJIankot . tiloctrlc 


147 




15 


hi I) \\vv 


100 


•(.\»u Opv^n^r 


r 

J . 


(:.\r V Kn 1 1 o 


Q 

0 


(*;u^ k 


J / 


(:ioll\(is Dryer 


7V J 


^oi/ Maker 


106 


!)i!li\midU ivr 


J7 / 


\> i r.hwashor 




(nttlc) 


291 


Kin (1 untare) 


')9A 


r.tti s{va 1 l-.U)Out) 


138 


•r lv)i>r Tol 1 shot 


15 


li iMv,i r (I'; CU. ft.) 


1 195 


^- r y i \\\\ V'M\ 


186 




30 


1:1 i 1 I (saiulvlch) 


33 


\\ \ i V Dryc^r 


V* 




ID 


ijial Laiip (Infrared) 


13 


III 1 1 Tiunp 


16,003 


ll<-at.er (oLoctric rciTnTtance)!? >000 




90 



K«t . kwh 



Humid If ior 163 

Iron 98 

MrIu Ing 3A0 

Mixer 13 

Oil Burner or Stoker 410 

Radio I* ho nog rap h 86 

Range U75 

' Ref rlgmrator-Freezer 1150 

(.14 CU. ft.) 

Rof rigor a tor-Freezer 1400 

(14 CU. ft. frofltleoa) 

Roaster 205 

Sewing Machine H 

Shaver 18 

Sun Lamp 16 
Television (U&W) ^ 262 

Television (color) 375 

Toast er 39 

Toothbrush 5 

Vacuum CJoanor ' A 6 

War fie Iron ' 22 
Washing Machine (autonwtlc) 78 

Wn;jhinp. Machine 59 

(non-automatic) 

Water Heater ^ A219 

Water Pump , 231 



The Mst» of wind generation woiild tend to force a homeowner to stagger the use 
o\ olectrlcal equipment In the liome. Several appliances operating at the 
s;'.m,- rime when not necessary would result In a larger than necessary windmill 
,viurator at a higher price. 

PWeSENT WIND GENERATOR SYSTEMS*. " 

Srveral companK's are currently actlve^ln producing small wind generators. 
Ili. se are mainly high speed propeller units which change direction as the 
wirul shlftn. A governor is used to prevent ovorspeedlng damage In high winds 
T'k' ontput shaft drives a dc generator that charges batteries. Power is then 
.Irawn from the batteries, either directly as dc , or after being converted to 

<■'•■ • 

lyplcal rost of a 2 kilowatt unit would be about $4,500.00 while one wUli a 
6 kilowatt rating w».)uld he a^pproximately $10, 000. 00 for the complete system, 
(out per kilowatt Itour produced would be In the range of 15 to 25 d^nts, 
h.p.ed, on a (ift(5on year period pf operation. 



At i>r<?fKM»t., thcsi: olrctrlclty i:o«t9 ato very high compared to utility power 
kosL of approxlmatoly 3 l/2 centB per kll(ywatt-hour ♦ ilovever^ In rcJiDote 
- locations the cowtn connected with running lines to the flUe may bo high. 
l\) tUatiii cnseM, wind powered generators may compete with other types of 
portiiblc generators using dleaoi, gflsollne or propane fuels. On the following 
pagiiH, four typon of wind rotors nre sketched and their operating character- 
istics described. 




High Speed Propeller | 

Commit V la) units of this cype, ranging in size from 200 watts to 12 kllo- 
w.iiti'» are uvallahlo from Jieveral manufacturer^. The propeller operates on a 
liv>r:zontal axis, with blade tip speeds of 6 to 7 times greater than tlie wind 
velocity. Three blades are coraroonly used In order to eliminate stress pro- 
blemn encountered with two, blade props. A tail vane is used to orient the 
rotor to the wind. T!ris design has a relatively high operating efficiency, 
but the starting torque produced is liulte low. 

A mn|or advantage l[ this type of wind generator is light weight, Kxperi-- 
miMital units aro now being tested with sails instead of solid props with the 
hope of further reducing weight ond improving efficiency. As with all units, 
foatliorlng is required to prevent overspeeding in high winds. 
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' Savdnlus Rotor 

This vertical axis windmill is fabricated from cyllndera which are split 
and then offset as ehown In the top view. Vertical axis design means that 
winds are accepted from any direction, eapeclally important in gusty condition 
Operating characteristics Include low rotational speed and high torque. 

lnt;xpenHlve construction is a main advantage, with 55 gAllon drums ftilimonly 
used for the rotor. One disadvantage of such construction is high yiight, 
ituikfn^ tower mounting difficult. Efficiencies are generally rated an low, 
Init more operating data la needed. 




Darrleus Rotor 

Vho airfoil blades on tli/is vertical axis windmill resembel an eggbeater. It 
av cepts winds from any direction and Is much lighter in weight than the 
Savonl,u8 Rotor. Operating characteristics inclucie high rotational speed and 
poor Mtiartlng ability., More operating data is also needed In order to 
.evaluate the potential of this rotor. ' ^ J 
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Multi-Blade Turbine * 

This rotor is a larger b it lighter weight version of .early ^multi-blade wind- 
nil lla. It*?] large blade area exjiosed to tlie wind provides blgh starting ' 
(.)rtpui to the horizontal shaft. Some method of turning the blades Into the 
w^tnd It; nocesaary. At present, good operating Information Istriof available 
for this design. . . 

CURRENT RESEARCH: 

A major effort In wind power research Is being supported by the National 
Science Foundation (NSF) and the National Aeronaut iCa and Space Adminietratlbn 
(NASAX. They are concentrating on large units (100 to 300 kilowatts) for 
power generation. The overall program objective 4s to develop cost^-ef f ective 
wind energy converiflon systems within 5 years. It encompasses a complete 
study ranging from meteorological data to various methods of energy storage. 
In addition to the NSF, NASA efforts much Is being done by universities^ 
private companies » and Individuals in an *at tempt to develop worlwible wind 
power systertns. ^ • 




\ , ,11 .o n iTiu-rntor nnd otoraRt' nyMUMu Is noccflsary to obtain 
M.K.h.MK ol the «" V;*^/;;; : ;/,,,ro,n. l.,uM-Hy Htor.Ko «t present Is achieved 
'71 r:"™ O h r o sVbiiit ll.. hein. reMea.-ched arc ccpveuBed air. hot 

vwhoeiu nd chcnlcal conversion. .attorloB l.avc the advantage of 
:^\:;;,l.-Hral.ho:,,.h cost ..hlnh. l. poHS.ble that the be»t eventual u.o 

„( wind powvr will bo foV home heating. 

sumhaRY: 

U 1- ul^s•;^blo to ,.cnerate n.e In I- amounts of power » ro.n the wind nsln, current 
.,L o.y The ujajov drawback at pro.ent 1. the hl^h cost of generat inn ^ 
; Uy with nu-s. unit.-.. Bettor nu.thods of enorRy storage and conversion 

le. botte. u.lu. Ions in the futu.v. 
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OBJECTIVE: To help students determine their attitudes toward energy 



1. Do you believe there is an energy shortage? ;^es ^no ^don't 

know 

2. Do you believe you have been given realistic picture of the energy 
situation facing the United States? yes no ^don't know 

3. Do you believe mOTt Americans are energy "wasters? 

yes ^no don't know 

4. Do you believe most Americans are energy "conservers"? 

yes ^no don ' t know 

5. " Do you believe Americans are "spoiled", Self-indulgent and reluctant 

to take responsibility for the futuVe? yes ^no don't know 

6. Do you believe it is the responsibility of every U.S. citizen to con- 
serve energy voluntarily? yes ^no ^don't know 

7. Do you"^ believe Americans will conserve energy only when government 
control* are imppsed? ^es ^no • ^don't know 

8. Would you be willing t^ re<3uce your standard of living to conserve; 
energy? yes ^no ^don't know •) 

9. Do you believe you as an individual can make an impact on energy 
consumption? yes no ^ don't know 

10. Would you'cortserve energy to save money? -y es ^no ^don't know 

11. Do you think the money saved is worth the inconvenience of conserving 
energy? ^es , no don't know . 

f2. Do you think the energy saved Is worth the" inconvenience of conserving 
energy? yes no ^don't know ^ 

13. Do you feel technology will, "bail us out" of the energy shortage? 

yes ^no _^clon't know 

14. Do you feel you have any input or participation' in the energy usage 
' decisions made ty your family? _^es , ^r^o ^don't know 

15. Are you going to*do something to save energy? yes ,no don't 

-know ' 



Quostion 



1 

? 
3 
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Yes 
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ENERGY ATTITUDt TALLY 



No 



Don^t Knpw 



C 



^m'' .""S Pei-ceniages for each response. For example: ■ if on Question 1 
200 students respond; 100 say yes, 60 no and 40 dSn'ij<now then the ' 
percent saying j(es is 1M or B0%; saying no is 60 or1o«;. sSjinJ don't 

know is„40^ or 20%\ (You may choose to use- a calculator especially If 
(large numbers of stud^ts respond). . • ' " „ 



Suggestions: . ' " • , , « . " 

^' ha^an effect^^" separately to see If the study of Industrial Arts 



2: 



You might prlrit your results In the sx!hool newspaper, 



^&o'm^h?s?ud^^^^^^^^ administrators. Do thetr. opinions differ 



im.2 

OBJECtlVE: To help students gain an awareness of energy use and 
w^ste in the home. 



Below you will see a list of items and activities which require energy 
for their nwnufacture , use, and disposal.. Number (rank) these items in 
order of importance and necessity to you. . Mark your responses in column 
A--number 1 being most important on down-to number 20 for least important. 

A ' B ' C 

watching television 

hot water for bathing - — 

electric toothbrush — 

] waffle iron 

synthetic clothing 

reading a book — =- 

^ eating a raw apple 

TV dinners • *• — - 

car ride to the store - — 1 

drive-in movie 

^making homemade ice cream ' ' 

' lipstick or cologne ' _ — — - 

aerosoT deodorant 

2 electric hairdryer ^ 

1_ bike riding 

~ a walk in the sun 

" candy ' • ^ — 

^nighttime football games 

hot lunches 

school buses " 

Now that you haye ranked these items according to their importance to you 
go back and rank the ones you feel are most energy intensive in Column B 
(from "1 to np".) Discuss your answers in class. 

> • 

Now mark in:ic?K>umn C the items you could do without which would help you 
• and our nation conserve energy. Discuss .your answers in class.- 

- ■ ■ If""" ' • . ■ • 

Suggestions:'"! 

.1. Develop an Energy Alternatives bulletin board for the s<:hool. 
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IDEA ? 

ENERGY CONSERVATION AT ^ 

OBJECTIVE: To help students gain an awareness of energ'y use and 
waste in the home. i 

Have students use the ENERGY CONSERVATION CHECKLIST F0| THE HOME , 
prepared for this activity to determine where/why/how energX:is wasted. 
Infonnatlon gained from responses on the checklist can be us^d by students 
to develop energy conservation suggestions for their parents. Students 
should encourage their, families to implement the energy conservation 
measures and do their part to make it work, following this experience... 
the class, might discuss such questions as: 



1. What are the most Inexpensive ways to conserve; energy in the home? 

2. What are the most effective ways to. conserve energy in the home? 

3. Is it possible to still pay higher utility bills after implementing 
an effective energy conservation program at home? If so, why? 

4. How do you read electricity and gas meters? 
CONTACT l!)RGANIZATIONS : 

1. Your local gas or electric utility, power distributor, and 
building supply house. 

2. Idaho Office of Energy; Statehouse, Boise, Idaho 83720. 

3. See information she^t for estimates of yearly consumption by 
conmion household appliances. 
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AN 'ENERCsY C0N5S1UW\T0N CHECK]. IST FOR 'JM fiOm 



Name & Address 
of Resident 



Name' of Student: 



a-\te; - . 

IL'-'- THIS CVKCKIJST TO PETERMi:iE WHERLVHOW/WHY ENERGY IS WASTED AT /'(V.'.T. 
THE ^VRE CHECKED "YES," THE tpRE ENERGY CONSERVATION ^fEA:■URES BEING USED 

\ .. YtS NO 

1. Are spaces around windows, doors, ai"» conditioners, 

etc., properly caulked (sealed tightly)? , 

2. Are there ^torm windows and doors throughout the 

home? : — 

3. Are windows tightly closed at al,l times during cold 

weather? • • 

4. Are ^xterior doors closed quickly after use? ^. 

5. Are 'drapes and shades closed at night and on cloudy 

or windy days during the winter? 

6. Are drapes insulated? - ^ — 

7. Are hot air ducts or radiators closed off in unused 

rooms or closets? — 

8. Are hot water pipes and air ducts insulated?^ 

9. Is the air conditioner located on the shady side of 

the house? . ^ , 

10. Are drapes and furniture located so they do not 

interfere with air ducits, radiators, thermostats? '* . , 

11. Are the wajlls insulated? 



Si 



YES 



1?. Does the fl^ct^Mtave ?"-3«5" of insulation? 

13- Does the attic have six to eight inches 
of insulation? 

14. Is an attic fan used in the sunwer? 

' 15. Is the fireplace damper closed tightly when 
not in use? 

16. Are heating and cooling filters clean? 

17. -Is the ^thermostat set at 68° or below during 
winter months? 

* 

18. Is the thermostat set at 78° or above during 
suniner months? 

19. Is the thermostat adjusted at night? 

20. Do thehiiostats indicate accurately calibrated ^ 
temperature settings? 

?A. Are lights turned off when not needed? 

22. Is the TV, radio, or stereo turned off when 
not in u$e? 

. 23. Are ovens and burners turned off immediately 
after use? 

24. Is the oven used to bake more than one food 
at a time? 

25. fs the refrigerator thermostat set at +40°F? 

26. Are gaskets around refrigerator and W'eezer 
doors tight? 

27. Is the frost on the refrigerator and freezer less 
than *(-inch thick? 

28. Is the water heater temperature setting 
between 120°F and 140°F? 

'29.- Are all water faucets in good repair (not 
leaking)? 

30. Do the residents take brief showers or use 
a small amount of water In the tub? ^ 
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YCS NO 

31. Are clothes washed only when there Is a full load? 

32. When washing clothing, is cold or warm water used i 
if possible? ' - — I 

33. Are dishes washed only when there is a full load? 

34. Are evergreens properly located around the outside 
of the house to provide a break against cold winter 

wind and shade against the hot summer sun? 

35. Are deciduous plants located on the south of the 
house to admit the winter sun and protect from the 

summer sun? ' " _ 

36. Is there a humidifier in the home? 
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ANNUAL ENERGY REQUIREMENTS OF ELECTRIC 
HOUSEHOLD APPLIANCES 



Apj^JMLance 



Average "Annual kwh 
Wattag e Consumpt 1 on 



Annual Cost 
P 3<^/kwhr 



Air cleaner ' 
Air conditioner (room) 
Bed covering 
Blender 
Broiler 
Carving knife 
Clock 

Clothes dryer 
Coffee maker 
Deep fryer 
Dehumidifier 
Dishwasher 
Egg cooker 
Fan (attic) 
Fan (circulating) 
Fan (window) 
Floor pol i sher 
Freezer (15 cu. .ft.). 
Freezer, frostless (15 cu. ft.) 
Frying pan 
Hair dryer 
Heater (portable) 
Heating pad 
Hot plate 
Humidifier 
Iron 
Mixer 

Oven (microwave) 
Radio 

Radio/record player 
Range, with oven 
Range, with self-cleaning oven 
Refrigerator/Freezer(14 cu.ft. ) 
Refrigerator/Freezer, frostless 

(44 cu. ft.) 
Roaster- 
Sandwich grill 
Sewing machine 
Shaver 
Sun lamp 



50 
997 
. 177 
386 
1,436 
92 
2 

4.856 
894 
1,448 
257 
1.201 
516 
370 
88 
200 
305 
341 
440 
1 ,196 
381 
1 »322 
65 
1.257 
177 
1,008 
127 
1,450 
71* 
109 
12,200 
12,200 
326 

615 
1,333 
1,161 
75 
14 
279 



216 
1,032* 
147 
15 
100 
8 

' 17 
993 
• 106 
83 
377 
363** 

14 
291 
43 
.170 
15 
1,195 
1,761 
186 
14 
176 
10 
90 
163 
144 
13 
190 - 
86 
109 
1,)75 
1,^05 
1,13> 

1,829 
205 
33 
11 
1.8 
16 



;i.0/ni,ght) 
.0.2/use) 



1.5/month) 

3.0/load) 

.25/pot) 



(1.0/load) 



(5.0/day) 

1.0/hr) 
33/hr) 
1.5/hr) 



1.0/hr) 
.05/use) 



.10/hr) 
T.5/meal) 



(1.0/month) 
(.001/shave) 



$ 



6.48 
30.96 
4.41 
.45 
3.00 
.24 
.51 
29.79 
3.18 
2.49 
11.31 
10.89 
.42 
8.73 
1.29 
5.10 
.45 
35.85 
52.83 
5.58 
.42 
5.28 
.30 
2.70 
4.89 
4.32 
.39 
5 . 70 
2.58 
3.27 
35.25 
36. 15 
34.11 

54.87 
.15 
.99 
.33 
.05 
.48 



*Based upon 1,000 hours of operation per year; this figure will vary 
widely depending on geographic area and size of unit. 

**Does not include kilowatt-hours for heating water. 
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ANNUAL ENERGY REQUIREMENTS OF ELECTRIC HOUSEHOLD APPLIANCES (continued) 



App lianc e 



Averagie Amuja 
Wattage Consumption 



Television (black and white), 

tube type 160 350 
Television (black and white), 

solid state 55 120 

Television (color), tube type 300 660 
Television (color), partial 

solid state 200 440 

Toaster 1,146 39 

Toothbrush 7 0.5 

Trash compactor 400 50 

Vacuum cleaner 630 46 

Vibrator 40 2 

Waffle iron l,116j 22 

Washing machine (automatic) 512 103** 

Washing viiac hi ne (manual) 286 * 76 

Waste disposer 445 30 

Water heater (standard) - 2,475 4,219 

Water heater (quick-recovery) 4,474 4,811 



Annual Cost 
g 3</kwhr 



(.16/Kr) 



$ 10.50 

3.60 
19.80 



04/sl1ce) 
OOl/brushing) 

(.63/hr) 

(.25/waffle) 
(.33/load) 



.01/load) 
12.0/day) 



13.20 
1.17 

.015 
1.50 
1.38 
.06 
.66 
3.09 
2.28. 
.90 
126.57 
144.33 



.1.11 [II im >—nii»iiiw 1 1 !■ -|-i»n rfw ii Ti"n i 



**Does not include kilowatt-hours for heating water. 

Source: All figures courtesy of Electric Energy Association, New 
York. New York, 1973, and the Tennessee Energy Office, 1975. 
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IDEA ^ 

ORGANIZING A SCHQQl ENERGY CONTEST" 

OBJECTIVE: To provide students with an opportunity to use their 
understanding of energy problems to communicate energy 
conservation practices to others. 



Sponsoring an energy contest will afford students an excellent 
opportunity to apply their knowledge about the energy situation and 
need for conservation. There are numerous possibilities, including: 
poster, photography, or essay conl^ests, speeches , and- debates . You 
will want to consider the following when developing a plan for the contest: 

1. What specific kind of contest will it be? 

?. What energy topics (problems, concerns, technologies) will 
be included? 

3. Who is eligible to enter? How may they enter? 

4. What criteria apply to th« specific contest (e.g., if photography, 
the size, color, and mounting of photographs)? 

5. What prizes or awards (e.g., cash, savings bonds, certificates) 
will be offered? 

6. Who will select winners? Students? A panel of community 
members? What criteria will be used to select iudges? 

7. When would the contest begin and end? ' 

8. To whom are entries submitted? A program coordinator? A teacher? 
The chairman of the panel of judges? 

9. How will publicity be handled? 

10. What companies or organizations might sponsor the contest? 

11. Will there be an awards ceremony (recepjtipn, assembly, or luncheon) 
to announce the winners? • . 
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OBJECTIVE: To familiarize students with the cost of energy in, the home 



Have students analyze utility bills sent to their homes for the 
past several years, or the pasyfull year, if possible. How much money 
is spent each month for gas, water, and electricity? 

Students may construct a 6hart for the monthly use o^^as, water,' 
and electricity. Charts should illustrate the amount of ^e resource 
used ancSthe cost involved for each month. Past iHonthly records are 
'available from local utility companies and may be used for comparison 
purposes. 

Students should be encouraged to post the charts at home for the 
family's future reference. 

SUGGESTIONS: — , 

,1. Show students how to read gas,^water, and electric bills and meters. 

2. Have students list ways to conserve gas, water, and electricity. 

3. ^ Point out the major changes ih energy use which occur as seasons 

change. . 

■ , -tt' " 

4. "Have students list watts, amps, volts of all appliances in their 
homes. 

CONTACT ORGA MZATIO NS: 

1. Your local power distributor or utility company. 

2. Public Utilities Commission, 472 W. Washington Street, Boise, ID 83720. 



OBJECTIVE; To acquaint the student with the method of reading an 
Mn ing '"^ Interpreting an electric s|f^yice 

UudentfaVvHth'^^^'yi' ^P'" "'^ accompanying material to all 
stiiaents and with the aid Qf a master copy or the overhead orolectnr 

?h ? the steps In reading the e"ec trie meter "^Be sure 

0? the dlJu'':"i^-"i:f'1'"'' ^'"^'^"'^ by changing th^ 'posit ons 
ol- char? clnt»?nir "? ^"^ T ''""''"S'- ^'^ large cardbqard type 
bv one of ?hP It .H^r'^'n ^""."^^"t-'e d'als could be constructed 
oy one of the students and used for Individual practice.) 

thli^h"^ the same basic procedure, the teacher guides the student 

e? 1^ c'se'rv? e^?? "^^'r'''" f.'"' Items on the 

lX"e tL^^^5U^{l-H„«i^l"2se§"'''^ the tlgures whlch 

ouruflnn^fi^ Of operation of appliances In the home can.be worked 
out using the rate chart .Included In this activity Tt mav ho I 
good Idea to check your local power company to determ"e™f the 
rates are substantially dlffereqj from those included hire. • ' 

Foriow_U^: 

for^'one'innnJh'''' "^^'^/ll?"^" readings (at the same time each day) 
tor one month, recording these data In a simple iournal which aUn 
Z cZ ^"'"^ ""^''^^^t'ons about the temperature, app ance Sse 
Of aJpHances a^unt of use 

^test Rating Scales - June 197 5 

loVeoO KWH-; n o "50-7800 KWH 0285' 

200-750 KWH ,039 ' ' 



* 




( 
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DO-IT-YOURSELF PROJECTS 




How to Read a Meter 

To read an electric meter, stand directly in front of dials. Read 
dials from left to right. Some- of the dials move in opposite direc- 
tions from- each other, but regardless of that, always read the smaller 
figure when the hands are between two numbers. For instance, in the 
left box above, the figures read 4683. ■ ^ 

If the hand of the first dial appears to be directly over a number, Vead 
the nex^ dial to determine whether or not the hand has passed zero. If 
it hasn't reached zero, use the next lower number on the first di-al . The 
reading on the dials "IrM^be right box should be 4982. 

The figures on the dials represeht kilowatt -hours which signify the number 
of kilowatts flowing through your meter tT\ultiplied by the length of time. 



V J 



How r« D«r*rmt^ 



IHltll >^ N«»lti 

rwnrrt «rw^ 




MDOr K]LX>UATT 
2k) M rRONT 



If .>! 



KU^-iOMlJItn 
OM 0 1^ 




Ml •IMI 1^ t#t 

Am 



f»l !'.< * 



The reproduction of the above bill is similar to, .the one wh ch comes to 
vour home monthly. The figure circled at the top of ^he bill s the 
preseTmeter reading. If you subtract the corresponding reading n 
?he previous bill from the present reading you get the number of kilowatt- 
hours (330) of electricity used between the present and previous readings 
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miRM WINDOWS AND DOORS. 

OBjrCTIVE: To familiarize students with the costs and savings of 
using storm windows and doors'. 



Students can ask their parents to have a dealer come to their homes 
\and give them a cost estimate for installing storm windows and 
d6ors. ?f a home 'al ready has storm windows and~3!0ors, the savings 
in fuel and money should be determined by obtaining and analyzing 
utility bills one year before and one year after the storm windows and 
doors were installed. ■ ^ 

Some (fjuestions for students to answer include: 

1. Over what period of time would storm windows and doors pay 
for themselves? What factors must be considered? 

2. Are storm windows more energy efficient than thermopane windows? ' 

3. As a conservation technique, are storm windows and doors more 
important than ceiling and wall insulation? 

4. Why do storm windows steam up oi^ show condensation? 

CONTACT ORGANIZATIONS: . ' ■ 



■ > . ■ 

1. To contact a dealer, see "storm windows, doors, and windows" . 
in the yellow pages of the telephone directory. 

?.. Federal Energy Administration, 12th and 'Pennsylvania Avenue, NW, 
Washington, D.C. 20461 



3. 



klaho Office of Energy; Statehouse, Boise, Idaho 03720. 



OBJECTIVE: To heTp students beconie-'fjinlil iar wUh. the types of 
.insulation available. tb^lV u4es, advantages, dis- 
advantages, and costs. . ' - 

" ■ , . ■ • '• 

> ■■■ - . . . 

Proper home insulation is one of the be^Vways to conserve energy and 
save money. Before buying any insulation, thp consumer .should know 
three important things: ^ ij^- 

1. What the R-value of the insulation should be.-' R-value is 
a number that Indicates how muQh .resistance the insulation 
presents to heat fl6wing througVrt. The b^iqg«r the R-value 
number, the more effective the ii1sulati#f. (See information 
sheet for more information -on R-v^lue.) 

2. What kind of insulation to buyi r ' ^ 

Batts: glass fiber; rock wool ' ^ >; 

BTanYets: glass fiber; rock .woOT / ■ 

Foam- in -pi a ce; urea formaldehyde r--^ 

Loo se fill T^own inj: gl«6$ fiber; .ty5ck"v(pol ; 

, ce 1 1 u 1 osj e' ti - 
Loose fill ( poured ;jnl: glass ,fi^)er;-focl<. Wool ^ 
ceTTulosic fiber-; ve.rnii cul i te; perl i te 
' Rigid board: extruded polystyrene bead board 

(expanded polystyrene); urethane board,; 
glass fiber 

3. ' How thick insulation should be. Tor the R-value of each • 

type- of insulation, see information »sbeet. 

Haye students consult current literature, visit building supply com-* 
panies and contact organizations to learn about the' Ws^, cost, and 
installation of insulation. Specifically, they should find answers 
to the following questions: ■ ^ • ' 

1. What are the advantages and dUadvantages of each kind of 
insOl.atidn? 

2. >ihat kinds of insulation should be us^d in the house and where? 

3. Whaf^is a vapor barrier? Why is it important? 

■ 4. What is the installation cost for 'eaolg^kind of " insulation? 
5." What tools are needed to install insulation?. ,', 
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6. Wha.t would be soiHe. good ir>cer>t1ves to get people to better^ [. 
insulate their honies? 

7. What priority would you assign to insulating a honie as a 
">ean5 of saving nioney and energy? 



CmUCJ ORGANIZATIONS: . " / 

1. - See "Insulation"^ in yellow pages of telephone book and contact 

dealers for spe?:ific information. , 

2. National Insulatibn Contractors Association. 8630 Fenton Street, 
Suite 506, Silver Spring, Maryland 20910. 

3. National Mineral Wood Insulation Association, Inc., 211 E. 51st 
Street, New York, New vbrk 10022. 

4. Owep^^-Corning Fiberglas Corporation, Fiberglas Tower, Toledo, 
Ohio 43659. ' . ■ 



HOME, ENERGY C Q N SERYAflQfci 



OBJECTIVE: To help students see the need for conserving energy 



Shortages in hoine heating fuels and the high cost of electrical 
energy generation have prompted utility companies, as well as 
the public, to look into energy conserving methods to help heat 
the hpnie efficiently. r r _ ■ ._ 

Have the students prepare a checklist of conserving projects 
for their homes. Then have the individual students survey 
their homes to see if the practices are in effect there. Stu- 
dents can bring this information back to the classroom and 
discussion, have the students take .back their findings to 
their parents . 

Topics for discussion should include> amount of fuel wasted, 
effect on heating bill, and ways to alleviate the problems. 



Sample Checl<l ist: 





Yes 


No', 


Storm Windows 






Storm Doors 






Insulation 






Heat Off in Unused Rooms 






Weatherstrippinq 




®r — 1 



CONTACT ORGAN-IZATION: 

1. Your local utility or electric power distributor. 
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THE WASTlf^G OF ^FRfiY 



OBJECTIVE 



To help students become nwre awar^ of energy wasteful 
habits.< 



Review with the class the general principle that energy is required 
to make all of the substances we throw away in our trash cans. 
Develop on the chalkboard with input from students a list of the 
substances comnonly thrown into trash cans such as paper, food wastes, 
glass containers, plastic wrapping materials^ and others. Ask stu- 
dents to "guess" what substances comprise the major portions of solid 
waste found in the "National Trash Can". 

Present, with use of an overhead projector, the figure below that 
shows'the amount of various substances coiiprising the national trash 
can in 1971. Compare the data shown ,witff their guesses. 

Involve students in speculating whether the contents of • the trash can 
have been changing since 1971. Why or why not? Ask each student to 
list on paper several things he and/or his family can do to reduce 
waste in two or three of the categories."^ Discuss individual responses 
in an effort to reach class consensus. ' * 



V»r4W«aW 



National Trash Can 

(AnnoMf Municipal Solid Wg$f0~l971} 



'4% 
-4 J 

-33 




COM«UtTlILt— 7« 4X 



NO*4C0MtU«TlM.|— 90.fl% 



WIN D PQ HER 



OBJECTIVE: To provide students the opportunity to wor'k with energy 
systems to gain an understanding of how energy is avail- 
able, converted, transmitted, stored, controlled, and 
conserved. 



1. Ask each student to bring* a plastic bleach or other round 
symetrical ly shaped plastic bottle to class. 

2. Given the plastic bottle, each student cuts and bends^laps 
from the large section of the bottle. Size and number may 
vary from student to student. 

3. Students will fasten a small nail into the end of a section 
of dowel, going through the bottom of the plastic bottle in 
the process. Make sure the bottle is centered before driving 
the nail . ^ 

4. Twist the bottle to enlarge the hole. The bottle should turn 
freely. 

5. Using a fan or wind tunnel, test the windmill. Students will 
observe each others windmills, aiid discuss why some operated 
better than others. (Flaps too small, not enough flaps, bottle 
not centered on nail, etc) 



V 
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MUSCLE POWER 



OBJECTIVE: To provide students the oppor.tunity to work with energy 
systems to gain an understanding of how energy is avail- 
able, converted, transmitted, stored, controlled, and 
conserved. 

1. Design and construct a generator machine capable of producing 

an electrical output obtained from various size and potential 
people. 

> y 

SUGGESTIONS: ) ^ 

1. Group students together with approximately two people per group 

Z. Use bicycle generator and frame. 

^. Measure output by us^ng meters, or light bulbs. 

4, If 5-10 speed bicycle is brought in, figure out niechanical 
advantage. 

5. Contest of who can provide most muscle power with the least 
■ . amouni, of input. 



ic&U5 

FOSSIL R£L RECYCLING 

OBJECTIVES: To help students understand coaservation through 
reclaiming. 

Given a quart of contaminated oil , reprocess the oil by filtering^ 
magnetic separation and siphoning. This activity may be given as 
a problem for the students to solve themselves or they may be guided 
through the solution. 

Materials: (Instructor prepared) 1 qt. lOw oil with steel filings, 

sand and water added. 

1 - funnel 

2 - glass beakers 

1 - 6 inch by 6 inch cloth ' ^ 
1 - bar magnet 

1 - piece tubing (fpr siphon) 
Suggestions: 

1. Shake the contaminatediOil well. , 

2. Place the cloth into the funnel, the funnel over the glass 
beaker and slowly pour the contaminated oil fnto the funnel. 

I 

3. Move the magnet slowly through the filtered oil to attract 
any steel filings in the pi 1. r 

4. Allow the oil to stand in the beaker until it has risen above 
the water. 

5. Pinch the end of the tube with pi iers and insert it through 
the oil into the water and siphon off the water into another 
beaker. 
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ENERGY CROSSWORD PUZZLE 

ACROSS • 

If everyone cut down hie energy u.e, the l^^.^. savings would be great. 

5. OttsoHnc 1, one vay of meeting the ener^ crunch. , 

9. The United Stnte« la currently experiencing a of energy eupplle.# 

the water level In your waaher according to the size load you have. 

12. The frost refrigerator coats 1 1/2 tliea as much to operate as the' 

refrigerator you must defrost yourself. " 

11,. '^^^M ^ndovs to keep vartn air Ihslde and cold air out. ' 

. ^ovldes only a tiny pkrt of our energy needs. 

18. Stuff rolled-up m tracks around doors and vlndovs to keep cold air 

out . * 

so. To keep feeVwaniier, put on »n extra pair of .■ ' 

a. The United Statea has less than 6 percent of the wld-. but^.l-ost half 

its cars. 

23. fiin, a*teBiporary storm vlndov. 

30. More than a quarter of the U.S. energy budget goes for - 



31. the frost from your refrigerator allovs It to opeVate »oVe efficiently. 

32. Clean or yo«r furnace filter regularly. 

* fission is a minor source of energy today. 



3I» 

^ 35. Demand for energy has at a startling rate. 

37. you aren't using a — in your house, close it off. 

38. . We can not stand by and do about the energy shortage. ' ^ 

39. For better ga^ mileage, keepyour Inflated properly. 

U2. When you clothes, avoid overdrylng; tt sets wrinkles and waste^T energy . . " 

l43. Cutting energy ^ is a big part of coping with energy crisis, 

UU. l>8lng more — cubes than you need wastes energy. - 

1*5. Clean or change your furnace regularly. ||^ 

cp?r 66^' ^''•'•«'-"»'*"« «"«^" <=" ""om. thrifty that vlll «, 



J«7. Reducing your hrom JO to 50 can improve yovir caf»a mllea««. 

U8. ia the roost energy-efficient means pf transportation. 

50. In the generation of electricity, energy 1b loot In ^he form of waste 

51. Whenever poaslble. pans to eliminate heat loss while cooking*. 

55. The United States uses energy than any other nation. 

5T< An uninsulated house a great deal of heat through the roof. 

58. The United States has almost half the World's — . ' " 

59. Turn off the ^In a room when no one is using them. 

60. Most of the energy resources we rely on are . 

61. Electricity is "measured in 

^3. Windmills take advantage of wind . 

65.^ Two free sources of energy are sun and - . 

68. Every family malw»s of energy-use decisions every day. 

69. around doora and windows can cyt^heat loss. 

71. Cutting our eri^rgy budget will not require any changes in lifestyle 

73. Ceiling can greatly reduce heat loss through the roof. 

7^. Driving slower should reduce your car's, gas 1 . 

76. Avoid letting the hot water needlessly. 

i * 

77. Consumers need to make energy-related decisions . 

78. Recycling and things you»d normally throw away helps save ener^. 

79. light cars get more miles per gallon than big, heavy cars. 

IXM^ . * " ■ . • ^ 

i 

1. When you use your range* ,'*flll it up. 

2. Cars consume billions of gallons of every year. 

3. Gasolene, kerosene, dlesel fuel and host of^other products are derived ' ,. 

• . \ ' • ■ ' 

6. Many Idaho home* are ^heated vlth natural . 



7. la our major fuel resource. 

8. Saving energy sAYen . - ^ 

l6- Fo««ll fuel is ho loiuter the coitmodity it once vas. 

12. The refrigerfttor that keeps itself free of costs 1 i/? times as much to 

operate as the refrigerator you must defrost yfturself* 
13* Opening cans by hand ^11 not save a lot of 7-. 

lT|*. : provides for about l8 percent of our energy n^eds, 

/ 

15-^ In the home a good deal of energy is used for • 

16. If reducing the temperature in your home has left you cold^ put on a 

^17- Open your when the sun shines to take advantage^f tfte •\in*s imrrKv, 

for heating, , 

I19. The largest part of the home energy budget goes for heating ^ 

22. fou can reduce the amount of driving you do by your route t«tt<rr. 

2!*. I'our efforts make a difference! 

25. Energy demands from the sector make up almost 1/5 of^thr niittf»T»nl 

energy budget . 

26. Turn off, electric when not in use. 

27. "Power" accessories emd extras cut your car's per gallon. 

28. More eneV*gy is cQnsumcd in the ^ sector of society than In any other. 

I 

29. The energy crisis is sure to altfect the way we use- our — tl»e, 
^,.,-^0. Cut home heating costs by loweMng the to 68 degrees.- 



\ 



33. Only are less energjf-eff icient than automobiles 

36. We must try for more 



1 



1*0. — is what this puzzle is 



energy use. 
all about. 

Hi. To reduce peak energy use In early eYtnlng, Vhe whole nation ve^nl .on ^p-- 

saving time. ' .■ -^'^-j - , • ^ 

li2. Avoid opening th« refrigerator ^ i^ore than necessarj^* * . 

iJ^^^^Nirn the heat TO degrees to save cfnergy.' 

^ fift > ' « ^ - ' ' 
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ACROSS 



DOWN 



4. 


collective -■ 


1. 


oven 


5. 


rut Ion lug 


2. 


gasoline 


9. 


BhortuKo 


3. 


oil 


11. 


ad ) Mat 


6. 


gas 


12. 


f rec 


• 7. 


petroleum . 


14. 


p 11 1 1 1 w 

V- *■ \I I 


8 


Ulv/|tVX Y 


15. 


hydropowcr 


10. 


ch^ap 


18. 


ncwspaporH 


12. 


frost 


20. 


Bockn 


13. 


elftctfirl 

. V W .'1^ vr JL V jr 


21. 


pooplti 


lA. 




23. 


plau t ic 


15. 


bent Intt 


30. 


t ranHDort/ition 


16. 


SVC A t IT 


31. 


clcrtulng 


17. 


draperies 


32. 




19 . 


RDAPA 


3A. 


niiclcar 


22. 


Dlannlns 


35. 


Increased 


2A. 


can 




room 


25 


T^Aiii diin t* ^ ji 1 


38. 


noti) Inu 


26. 


i^l^ |/ 4 X cs 11 u c o 


39. 


tires 


27 


tni 1 AH 


A2. 


' drv 


«■ (J • 


XIIUUV u rxax 


AA. 


Icc 


29 




A5. 


filter 






A6. 


habita 


33. 


airplanes 


A7. 


ripeed 


36 




A8. 


blcycllriR 


40. 


energy 


50. 


heat 


41 




51. 


cover 


42 


ULIUX 


55. 


' more 






57. 


loses 


49. 


mil 1*0 


58. 


autos • 


51. 


/»Ot1lf Oft" 


59. 


lights 




wood 


60. 


limited 


SI 


-j.vaK. " 


61. 


kilowatts 


. 


cairpoox 


63. 


power 


56, 


televlalon 


65. 


wind 


62. 


attitudes - 
rise ' 


68. 


dozens 


64. 


69. 


weathcrstrippingo. 




windows 


71. 


drasti^i 


7 66. 


storm v 


73. 


in^ulalion 


67. 


down 


7A. 


con^iyroption 


--^ 69. 


warmer 


76. 


run 


70. 


ratlnjp 




consciovisly 


72". 




78. 




74. 


C^OS«v 


79, 


sfTiall 


75; 


pots 



Energy hmve risen phenomenally In paet months. 

Increftslng th« liumldlty In your home vlll add to your but vlll not 

rteceesarily allow you to get by vlth less fuel. 
— • — la not a najof source of energy. 

A tiny can waste hundreds of gallons of hot water In^ a year. 



Organlee a (two words) to reduce gas consu«ptlon by cuttlrt^^ the 

number of cars on the road. 

The inatant-6n la on even when ft*8 off. 

A change In consumer — la necessary to make energy conservation vork 

The cost of energy has to ^ 

Much heat Is lost throu|fh % 

vlndovs cut heat loss. ^ 

Cut » not outt to save energy. 

Wear more clothes to keep. . 

You can use the data on the back of an air conditioner to figure lt6 

efficiency . A 

No qylck fot the energy shortage is in sight. 

the fireplace damtMsr when the fireplace Is not In use. 

Use and pans that fit stove burners. ^ « 



OBJICnvk^^ To help the student realize the number and type of 
^ appliances in the average american home and their 
'^./consumption of energy. 



Few people realize how many appliances they have, d certlinlv don't - 
;ou'can \Z Trr7\ ^'^^ Below^you'win ?ind"an ' ^ ^i " o nr 

audit provides a ^U^in^ °f 1^^°" on the^appliances in your home.. The 
enercv con itntLn u ']^^ ^^"'"^ ^^^^ ^^eir annu^:! 

? r Lm Sord^l .hJ'i/'°\^^' ' ^^^^^ maintenance or condition 
miv fho \ the Hems in your home, check their Condition and ti 

are \n !?■ "'f ^^"^"'"Ption rates. Use the cost per kilowatt-hour ?n yo 

o.^'e da?ior or hp '"r^^ appliances in ypur honn.. Ma^e'r 

coiimiendatlons for the maintenance of items from your checkl ist. 



T 



F.x_ 

i[aTrJJryer_ 
Air Cleaner" 
Air Conditioner 

( '"oon Q 

Bed Cove rTng 
Blender 
. Broi ler 
vC^rvilTg~]<hTFe' 
Clathes Dryey- 
Coffee Maker 



OeepxFryer 
Dg humidifier 
-5i^l!lya^er__ 
^Fg5~COo&r ^ 
Ian (AtUo) 

Freezer, 15cu. ft 
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APPLIANCE AUDIT FORM (CONT. ) 



ID 
O* 



CD >- 
UJ ^ 

u> a Q 
X z O 

O CO c5 ic!^ O 



UJ UJ <c 

-j oo CO x: 

Q UJ ^ ^ oc 

U. CD ^ CO f-* ' (io • . or 

Od CO Q CO Q <C U.^ 

cx: Q QuJOtiJO UJ ex. 

^ <t x: UJ ct: UJ 



UJ 

"J . 



- 

Freezer, 15 cu. 

ft. frostless 
Frying Pan 


1,761 
186 


1 




















•1^ — — 

XT 


Germicidal Lamp 
Hair Dryer 
Heater (porta.ble) 


14V 
14 

176 




. 












\ 






Heating Pad 
Heat Lamp 
Hot Plate 


10 
13 

^ 90 












V 








\ 


Humidifier 
Iron (hand) 
Mixer 


163 
144 
13 














r 






{■ 


Oven, Microwave 
Radio 

Radio/Recflrd 
Player 


190 

86 / 

109 






















Range, 
Witfr^ven 
with*^self- 
cleaning oven 


1,175 
1 ,205 






• 
















Refrigerator 

12 cu. ft. 
Refri ge^^ator 12 

cu.ftt frostless 


728 
1,217 






















Ref ./Freezer 

14 cu. ft. ' 
Ref. /Freezer 14 
' cu.ft. frostless 


1,136 
1,829 






















Register 
Shelve r 


205 ' 
1.8 






















Sun'^'lamp 
Television * ' 

bla^k & white 

.tube' type 


^ w 

t 350 


-I 




















bla'ck & wTiite 
, . sol id state 
co>or tul^e t)ipe 
' color solid state 

... * 0 

■ ' ' • •* 


I20 ' 
660. 
• 440 

i 

♦ 




... 
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APPLIANCE AUDIT FORM (CONT.) 



3: 

Ul 



CO 



5 <: 
CO r) 



TER 




TAJ 


1 

UJ CD - 






-J 


GAS 




Q ST 
» — * 

CO H- 


cc 

CO 


oc 






& 00 


a (/), 


Q 


UJ 






UJ O 


UJ o 


Ui CL. 


3: 


<: 




UJ oc 


Ui UJ 


1— 




CD 


a. 




2f: oc 


Q 



Toaster 
Tooth Brusfr 
Jrash Compactor 


39 
0.5 
50 






















Vibrator 
Waffle Iron 
Washing Machine 
automatic 


• 2 

22 

103 






















Washing Machine 
non-automatic 
Waste [>i,sposer 


• 76 
30 








"■■■T 












> 


Water Heater 
2475 watt ' 

Water Heater 
4474 watt 


^4219 
481 1 ** 




> 














. 7 





TOTAL CpNSUMPTION 

/ " X $ ' = 

total n(|."](wh consunied cost per kwh 



How could your family conserve on their appliance energy costt 



/ 
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ENEBfiY. 



;RSIQN PiriWHEEL 



OBJECTIVE 



To help the student understand -the conversion of 
wind energy to mechanical energy. 



\ 



\ 

\ 



\ 



\ 



\ 



/ 



/ 



/ 

/ 



- > 
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\ 

\ 



\ 



\ 



\ 



\ 

\ 



1. Cut put the pattern and cut on tW dotted Tines. 

.J * / ■ - 

2. Fold, all numbered corners .to .thp. center -and punch a straightHk 
pin .through the dots an^d through the center/ \ 

"3. Secure the''p|n in the end of a penciT eraser-; ' / 

4., , Blow on p1n,wheel or run Into ttift wind. - - V ' 



0 
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RESIDENTIAL ENERGY CHECKLIST 

The following energy cfi^list can be used by yod'(the student), your 
parents, and relatives as a handy guide to systematically search for ^ 
residential energy waste. and potentials for conservation. The checklist 
does not attempt to quantify the Energy loss, nor estimate the cost to 
aleviate the problems. In some cases, it might not be practical to try - 
to eliminate the waste, but rafhet^ to reduce it or. its impact. You should 
refer to the specific areas in the text 'fpr further information. For ex- 
ample. Ifxyou find several problems under home construction, you should 
refer to Section 3 of the- text. If you see a lot of waste in the 'area of 
FQod Prepjpation, you shou?d_refer to Section 4. 
Hbi;:.e: The Shell 



yes 



no 



Are plants properly located around the house 
to provide a break .against wind and stiade 
• against unwanted sun? .. 

2. Are drapes and furniture T oca ted so. they do 
not obstruct heating, air-tfbnditioning or 
ventilation? 



Are drape riesMnsula^ed? ' 

Do draperi^^ fit ^snugly around the window? 

Are exterior house dopr.s. closed quickly 
after use? * , f ^ 



4 



6. 
7. 



Are lights and appl iancesiturned of f after use? 
Do you-have storm windows and doors? 



^. Are all cteprs ^and v^jndows properly caulked 
and weathef ^tripped? ^ v 



\ 



9. Ar.e draperies and shades Closed at nigbt and on 
cMjdy, windy days during 'the heating seaSon? 

10. , Are draperies opened tQ admit sunlight orf^s^nny 
'days in the heating season? ' „v 

IK Are draperies and shades closed .on sunny days 
' during th^ cooling season? v 

^2. Is the attic "ven til a'ted? -s* 

*I3. Is the attic insulated to' 6-8"?'^ 

14. Are the walls insulated? y 

Ti. Do^ floors exposed to unheated or. cooled air 
♦ , I have from ^-3V' of insulation? 

16. .Is the fireplace damper closed when not in. use? 



17, 



Is^ the den; gameroom or "family room oriented 
to tfie south? 



18, Is, the house shaded frqm the western sun 



75 



V9. Does your hom^ ha'vp window area equivAlent to 
10% or less of its. square foo:ta§e? 

20. Is your honie' s^ale 4 frofn' dr aHs? . Is it« free'' 
from cracks 'and tioles? . 

21. Does your home have fluorescent lighting 
where appropriate? 

22 Does your honie have wall-to-wal.l. carpeting? 

\ 

23. Do all windows have drapery, shades, blinds, 
shutters or other covering? 



Environmental Control 




24. Are ducts, radiators or air-^cond-i tioners 
closeo'off in unused rooms or closets? 



25. /Are hot water pipes insulated in unheated • 
and uncooled spaces? 

Are air ducts insulated in unheatfed and 
uncooled spaces? 

zi . Is the thermostat set at 65"f or below ^ 
during the heating season? 

28. Is the thermostat set at 78"F or above 
' during the cooling season? ,^ ^ 

'29* Are heating and cooling filters c<fean? ^ 

30, Is the thermostat turned back at hight? ^ 
' . • / ■ 

31*. Are windows and doors tightly closed while..- 
' mechanical ly'^eating or cpoling? 

32; ,Is'an attic fan used in the summer? 

33. Do thermostats ^indicate correct temper;a- 
tyr^ settings? - ^ ^ 

34. Is an outside- air-'difnditioning unltJocated 
on the shady* (north) side of thl^hquse? 

35. Is the water. heater insulated? - 

36. Is the water heater temperature setting 
at-MO^F or less? . . 





3,7. Is the a1r-corvdH^on1ng unit properly sized 
for your needs? 

38. Do you have a heat pump? 

39. Do yo» use natural ventilation as much 
^ as posslt^le? 

40. Are radiators and other heating or cooling 
equipment clean and dust free? 

.41. Is the water heater located In a heated 
^ space? . L 



!loi^lijia_SeJ^cU^^ ■ • ; • 

42. If you \ive In an apartment, t^^t an -'inside 
apartment? - . ^ 

4'3. If you live In a mobile home, does It'have > 
a "skirt"? 



44 



If you live In an older home\Jwive Its 
plumbing, wiring, insulation and chimneys 
' been, checked by "experts"? ^ 



Food 



'45. Is the frost on the refrigerator and frefeW 
less than h- inch th+ek? 



h+ek? i> 
r set at 40°F? v 



46. Is the refrigerato 

47. Is the freezer set a 0°F? " 

48. Are gaskets around refrigerators and freezeri 
t1 ght? ' 

J9. Is- the oven used to bake more than one food^ 
at a time? . . ■ 

50. Is the gasket around ovens tight? ' 

51 . Are- frozen fjooeln .thawed completely, before 
cooking? * i ^ 

52. Is the. cooking range turned off immed1a.terv 
after qse? . ■ ■ . 



53. dishes washed only when there is a 
full loa^d? 

54. ~>'e dishes allowed to air dry? 

55. *re appliances clean and dust free 
, particularly cooling coils)? 

56. -s the oven never used as a dryer or heater? 

57. ^re flat bottom pots and pans gsed? 

58. ^S a, timer used to avoid over-cooking? 

59. Are ppts covered during cooking? 

60. as little water as possible used during ^ 
c:96king? 

61. ^s the heated dry cycle on the dishwasher 
no% used? 

tlotMjia ■ ' 

62. Does your family dress warmer in cool weather 
to avoid mechanical heating? 

. . ■ ■ 

63. . Ope?, your fmU^ dress cooler in warm weather" 
; to avdid mefchanical cooling? 

64. ..Are, clothes washed only when there is a full 

lo^d?. V . . 

. 65. When ^^shifi^ ts cold or warm water used; when . 
possible? • ) 

. ... ■ ■ ,:■ « : J 

B6. [ Are clothes* line dried when possible? 

6J^ Are inoj.t of your 'fami ly 's clothes wash-and-wear 
W pejm^nent press to avoijjj dry cleaning and 
\ iyx>ning?. ^ . _ ; ' ' * ^ 

.68- Are ilothW always riflsed with cold water? 

69. 'Ts the washer' located near the water heater? 

70. Is the /dryer lint screen cleaned after eAch^ 
load?, ' . ' K 

$6 ■ . ■ 



/ . 



Personal Care yes no 

71. Do the members of your family take short 
showers or use only s]i»ll amounts of water 
for tub baths? 



72. Are all water faucets repaired and not. 
leaking? 



73. For washing* shaving or nwke-pp is the 
^ lavatory fil.led rather than allowing waj^er 
tq, run? * 



En tertainnient 

74. Art entertainnient devices turned off when 
not in use? 

75. Do members of your family try to entertain 
themselves rather than rely on devices? , 

--If you answered with 65^ or more yes's, you are truly an energty conserver 
and will make a good conservation ^idvocate. 

) ' . . 

--J^ yfu answered with 55 to ^5 yes ' s , you are energy conscious but lack" • 

will-power or "drive. 
'm 

--If you answered with 45 to 54 yes.'s, you are wasting energy but with 
minor changes could make a conserver. ^ • ^ 

--If you answered with 35 to 44 yes ' s , you are an energy waster and ^houl d 
.make an all-out effort to V^form! 

--If you answered with l ess than 35 yes's, you are making an effort to 
waste energy and should consider tne long range and immediate effects! ! 

Suggestions: 

1. Distribute these checklists school-wide. 

2. Try a before and after approach t(^ using the checkl ist. • Check " 
before your conserving effort and aft/r. 



3. Sdrvey students to see if their faiofl 1 tes art^e generally conservative 
or not. ' A, 0< 
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OBJECTIVE: To help the student understand the conversion of 
solar energy to electrical energy. ^ 

/ 

Solar cells generate nwre electrical energy if the liglit source is 
bright. Experiments caY) be conducted in intensifying sunlight us- 
/ing reflectors and/or lenses. This mayv however, cause overheating 
in the solar cell and some added cooling^ should be considered. 

The output of the solar cell may be measured in volts and amps across 
a load. The load may be varied to vary the amount' of current flowing 
in the circuit. - ^ , 

Remember the three parts of , an electrical circuit should be present: 

1. Source of electrical energy (solar cell) *». 

2. Transmission Qf electrical energy (wires) 

3. Load for electrical energy (resistance of some kind) 



SUGGESTIONS: 

. , 1. -. Hook solar.cells in series parallel to charge'batteries. 

" 2. Vary solar cell angle to ;sun and measure output of cell. ^ 

3. Vary brightness of ligdft and measure output of cell. 

4.. Discuss economic problems with solar cells. 

" <• " ■ ' . < <, . 

• 5. iOiscuss other use of solar cell as light meters and power 
' .'Supplies. ' _ ' ' 



t 

OBJLCTIVC: To. help the student understand the collection and 
transmission of solar-wind energy to mechanical 
* energy. 

A wind powered car. A windmill is the power source. The windmill 
through\a gearing system raises a given size weight up a small tower 
.Once the weight is off the ground, it contains the stored energy to 
power the car. The weight is released and as it falls It launches 
the car down the track. 



SUGGLSTIONS: Experiments could be done using different windmills, 
weights, and cars. Measuring the distance^jihe car 
travels will show the re.lative effectiv«»T^ of any 
change. 
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OBJECTIVE: To provide students the opportunity to work with energy 
systems to gain an understanding of how energy is. avail- 
able, converted, transmitted,- stored, controlled^ and 
conserved. 

Give each student a tin can. Tell them^hey are to design the best 
possible storage device to contain the heatecl water obtained froii) 
the sun. ' . '\ . ' 



SUGGESTIONS: 

1. Haye students pre^heat water by use of the sun. 

2. Poss.ible insulation materials would be fiberglass, 
expandable foam, dirt, stone, foam rubber, another 

..^ntainer, etc.. " 'i 



3. Recorj(^ temperature of water going into .storage "xiev ice. 
(should be 90° - 120°. < 

4. Leave solar heated water 1r\ storage device for specified 
amount of time. 

5. Record temperature of water at end of specified time. 

6. GotfWl be a contest. 




ijm PRQPULSIQM 

bOOf:cnVE :' "To provide stijdentS' the opportunity to 'vyork, wi th energy 
systems to/gain an understanding of how energy is avail- 
ablb, converted, transmitted, stofe(|, controlled, and 
conserved. 



1. Using the materials giVen to the student, haye i^ach student con- 
struct a device that conveVts water ir\ to stciam. 



1 



.2. Usipg the device- constructed, di?*^n and constrdtt a v.ehicle that 
wilt be'propKlled t?y steam. ' 

SUGGESTIONS: ' 

1. Container for wirter should .be small to keep vehicle small, 
(possible small paint container) . 

, > ■ 

2-^ Have pipe sticking out of top of Gontainer to direct steam, 

3. Heat source might ^De a candle or a heating coil, - 

4. Gears, pulleys', etc. can be obtained from old i^ace cars, etc. 
6. . Vehicle could be constructed o^ wood, plastics, cardboard, etc. 

SAFETY: , ^ ■ " ' ' 

1. ' Be careful of -open fire or heating coils. ^ ^ 

2. Stem can burn, .cautjon students. 

■ . -'I ■ . - ■ ^ ' ■ ' . 

3. Be careful that the boiler does not blow up. A safety valve 

may be hee,ded especially on larger boilers. ^ - ' 
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OBJECTIVE: Yo provide the student the opportunity 1^ assembte a , 
mode] which contains all the essential pisrt§ of a 
' 'natural ^as -fired tiirbine^generator 'which" wil 1 produce > 
electrical current..- 

• To pro\^ide the; stud^?nt, the p'ppbrtdnity.ttf as^^^^^^^ * 
rtK)del which contains all the efysential parts of a hydro 
electric generating system. .. ^ 

MATERI/\LS NEEDED: 

FOR EACH GENERATING UNIT, THE FOLLOWIKG: 

3 square feet 24 gauge gal. ste^'lS:heet metal 
6 inches 1/8 inch brass rod 

1 each permanent magnetic hobby motor 

Acid core solder , ' - " 

3 inches 3/8 inch diameter nylon rod 

2 inches 1/4 inch O.D. copper tubing 
' -. , , Miscellaneous Hardware (pop rivets, screws, etc.) 

EQUIPMENT NEEDED: . ' 

Tin snips . . " • , ^ 

' Sheetmetal shear : 
Dividers 

24 inch bench rule 

Oxygen/Acetylene torch (or equivalent heat source), * 
Drill press 
F'iles ' 

2 feet 1/4 inch I.D. flexible hose ^ 
6 inch .6 mm glass tubing 
1 500 nil- flask . • ,^ 
1 1 hole rubber stopper to fit flask \- ! 
. T ring stand 

1 ring clamp . - ^ . - 

■ ■ ^ 14". X 4" asbestos gauze , " 

T bun sen burneV' (or propane torch) 

1 Volt-ohm-mill iameter ' . , - 

1^0-1 mi 11 iameter ' - > 



TURB7NE -GENERATOR 



■ During this exercfse you are qoing to' ha.ve an opportunit>^ to 
]«aro the following: ^ ' • * " 

■■ - 
'1. Basio sheetnietal working skill? and 
2. What a turbine is and how it is constructed. 



Information: 



The turbine is a fancy name for a fan. Usually a turbine-'is 
constructed to exacting precision because it must operate at high • 
temperatures and at high speeds. Its operation is illustrated in - 
the drawing below. Gas or steanf is allowed to hit the>lade of ' the 
turbine. The pressure from the gas qr steam exerts force on the 
blades which causes the turbine, which is connected to a shaft, to 
rotate producing mechanical energy, which if connected to a generator 
may be used to produce electric it;y. 




GAS OR STCAM 
UNDER H^SH PRESSURE 




Procedure 



DIRECTION or 
ROTATION 



.A 



BLPdbES 



SHAFT 



1. Obtain a aet of plans for the turbine-generator unit* 

2. Obtain necessary materials. 

3. Ustng the pl.ans and instructions from your teacher, construct 
the turbi.ne-generator. . r 

4. Pay close attention to accuracy in layout, cutting, and 
assembling project be«ause the performance will be 
'detertrtine'd by how. wel 1 you did. ,. ' " 



f 
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laboratory Exercise - Lesson 2 



Note: Turbine Const. 

"from 24 gallon galvanized 
steel. 

Lay-out blades and twist 
90" angle w/pllqr after 
cutting. 




I ■ ■ ■ 



Laboratory Cxercise - Lesson 1 



MO 



1 



)27 



-* — ^ 




T 

63 




?6 



j^XHAUST FORT • 



$0d 



T 



ERIC 



9'j 



Laboratory Exercise Lesson 2 
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Laboratory Exercise - Lesson 4 
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, • SOLAR DOMESTIC WATER 'HEATER ' v 

Figures show that, at the Current rate of consumption of approximately 
billion barrels a-yea>^, the U.S. will deplete its supply of Rnown oil 
reserves and esfHnated future discoveries , by the yeaV 1995.- For t'Mis 
reasons alternate sources of energy ^ire being studied. One of the most . 
promising areas of research is solar energy, a free anrf inexhaustible 
source. * . " " 

One. use of solar energy that has been successfully practiced for 
many years is water heating. Solar water heaters have been used in ' 
Florida since- before 1900. In 1955, more than 60,000 of them were in 
use in Miamf. With the rising cost of fuel and el ectri empower, there 
is revived interest iri solar water heating. . . 

The average Florida fami.ly of four paid about '$200 for hot water in 
1975, and experts predict the cost of fuel and electricity will continue td 
rise. Although the'initial cost of a solar water heater .is higher than 
a conventional one, a properly constructed and installed unit with a 
backup heat source could save a homeowner up to 80 percent of this annual 
water heating costs. To buy a solar water heater in 1976, would cost from 
•$600 to $1,500. . \ 

The system presented here can be built at a' considerable savings • 

by the average "handyman" .wtio has a workincL knowledge of J:he necessary 

too-ls. ^ The cost; of^all materials is about 1;300, but used materials 

can be adapted for constracting a solar 'water heater. 

* * 

COMPONENTS OF A SOLAR WATER HEATER: ' ' ^ 

; A solar water heating system includes three basic components — the 
solar heat collector, the hot water storage tank, and the circulation^ ' 
system. The solar heat collector acts,a> the water heating element. 
Flat plate collectors are the most.-p^^actical for- homeqwners ancj are 
Comprised of: ^) metal tubing sol'edly connected to a metal sheet, both 
painte^ flat black to absorb heat; b) an insulated, weather-resistant 
box to. retain heat; and c) a transparent cover of glass or plastic. 

.'Except for possible breakage, glass is preferred over plastic 
because glass permits the sun's radiant energy to eater the collector, 
but .does not directly transmit heat coming off the absorber plate. Plastic 
on the .other hand, tran.smits both incoming and outgoing ^pnergy, letting* 
more collected heat escape. 

^ V - 

' Two of the 3' by 8' solar collectors described here will heat approxi- 
fftately 80 gallons of water, per day which should be siifficient for the 
average family of four. Additional collectors can \)e constructed for 
hot water needs exceeding the 80 gallons per day average. 
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FLECT SUNNY SPOT FOR COLLECTOR " - , . 

The solar heat collector piust be mounted in a sunny spot, preferably 
facing south. To make the be.st use of the surv's rays, mount the collect- 
or at an angfe from the horizontal equal to the latitude >at your par- ^ 
ticiilar location plus 10 degrees. For example, in noi^thern Florida, . . 
where the latitude is approximately 30 degrees, a tilt of 40 degrees 
will, give the best year round performance. Deviating from prescribed- 
angles .'will reduce efficiency only .si ightly . ' For example, reducing an angle 
from 40 degrees to 25 degrees to correspond to the pitch of your root re- . 
duces efficiency approximately 10 percent. 

Solar collectors are usually mounted on the l^oof.. But can be placed on 
the ground or installed as an awning. A collecfgr box is heavy and must 
^be securely .anchored to beams, trusses, rafters or some secure part of 
Ithe building framework. In storms or hurricanes, an insecurely mounted 
-collector box can be very dangerous: " ' ^ ^ , 

STORAGE TANK SIZE IMPORTANT > 

Use'a hot v^ater storage tank that is large etiough to store the amount 
of hot water required by a family furing a period of »24 hours or longer. 
\The- average family of four requires a storage tank of at least 80 , 
gallons -A larger tank, 100 to 120 gal Ions , vdoe^ not cost much more and 
will store extra hot water for us^ when demand is unusual \r hiqh or weather 
is bad. , r 

Because of rUst and other residues, use only a glass-lined tank. 
Some solar storage tanks ^/ill already be insulated. If your tank is 
not well insulated you should insulate it with at least' 4 inches of 

■ foil -backed fiberglass wool. . If the tank is exposed to the weather,- 

* it must be protected with a waterpro.of structure. 

To realize the most sav.ings and to make thQ best use t)f solar / 
energy, the solar water heating system should be use\l without any / 
type of conventional .heat source, such as an electric booster. Uils 
will save 100 ^percent of your water hea-ti^g cost*, but you mu^t be 
williriq "to use warm or-cool water occasionally. Using an electrical 
heating element continuously as a backup may reduce your savings as 
much as 50 percent, acc'ording to youV particular conditions and hot 
water usage' habits. ' , 

An alternative to this plan is to use ai^electrical heating 
element in the storage tan^ and keep the brSiker swUch' furned of f 
' or the electric powe»^ cord disconnected exoept when all the solar heated 
water has been used and there-Hs a need for>6t water. The larger your 
tank, the greater the utilization of solar energy. 



\ 



You can connect a solar collector to your existing conventional 
hot water tank. However, inost conventional tanks do not have the 
20 gallon p^er person per day capacity necessary to make the best use 
of. solar energy. So, the savings in electricity would probably not 
be worth the trouble and expense of installing a solar heat collector' 
If you have a relatively large conventional heater (50 ga\. ) and 
wish to try it, it is necessary to use only one of the. 3' x fl' 
collectors. 

CIRCULATION SYSTEM DESCRIBED . . ' . ' 

Heated witter can be circulated through tubing from the collector, 
to the tank by thermosyphon (natural) circulation or by using a- punip. 

The thermosyphon (r^tural ) system requires no manmade energy to 
operate and is based upon the fact that hot water rises. The rate of 
iDOvenient of hot water from the collectojr to the storage ,tank, and gold 
water from the tank to the collector is controlled by the intensity of 
the sunshine. . ' 

* • 

Because this system is dependent upon hot,water rising, the storage 
tank must be nK)unted so that the bottom is. at least 2 feet above the 
top of the solar collector panel. This. might require installing the 
tank in an attic o.r on a rooftop. .Although a false chimney can help , 
• the appearance, problems of weight and construction might be encoi/ntere^. 
Another possibility is mounting, the collector on the ground and 
installing the tank in your house. This will aid in insulating your 
tank and eliminate the need for a weatherproof structure around the tank. - 

When using the thermosyphon system, it is essential that the 
connecting pipe or tubing have a continuous fall with no sections 
permitting the formation of air pockets. Circulation will stop if an 
air pocket is formed. * . . ." 

A pump adds flexibility to a solar water, heating system while using 
an insignificant amount of energy. Since the pump forces the hot water 
from the collector to the storage tank, "the tank can be located in any- 
convenient place. The pump must be controlled so. that water circulates 
only through the collector when the sua is shining. An inexpensive 
method for this control can be obtained by using a timer tp cont^rol the <r - 
pump. Of course, this has the disadvantage of operating during daytime 
hours even on days when there is little or no sunshine which would 
actually cool the water and, thus, .reduce the efficiency of the system. 
A better, but more-expensive control, is a differential . thermostat with 
one sensing element on the storage tank and one on the col lector.*. With 
this device the pump operates onlj^ when the solar collector is hotter 
than, the water in" tlie storage tank. Another .method is to use a-single 
element thermostat with the sensing element in the collector box and 
^et at about 130 degrees F. 
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^he pump and controls add to the cost of a solar water heating 
system, but' this is often offset by the lower cost of installing the 
heavy storage tank at ground level ^ , j ' ' ^ 

Whatever circulation system is chosen, it is necess^iry to consider 
some form of freeze protection, even in Florida. One of the following 
methods of freeze protection 1 s' reconimended : 1) Provide a means of 
(;i>ianually draining the system 'during hardrfreez'es by placing an air-vent 
valve above th^ collector. This allows 'air to enter the system and 
produces complete drainage. 2) P.rOvide a soiJvg^'of heat tp'exposed 
plumbing and collector, such a"^ cir^culating warm water through the 

to] lector -or~attaching electrical heating eleaients-.to the plumbing near 

the collector. 3) Use a separate h^t loop .for the exposed collector 
and plumbing. Thus, anti-freeze can.be added to this' loop since it is 
not connected to the fresh water supply. This system is considerably 
more expensive, since a heat exchanger (usually consisting of tubes 
connected to the outside' of the storage tank) is required to transfer - 
heat from the /heat loop to the storage tank. This' system is also less 
efficient in/its collection of solar energy. In spite of these disadvantages 
it ptrobably^is the best freeze protection system for cold climates. 

USAGE PATTERNS . . , ■ ' ' 

The sucjcess t^f a solar water heating system in energy .conservation, 
and hot water delivery depesjids on usage patterns. It is advisable to 
determine howSnuch hot water is neu^de at different times of the day so 
the family can plan its usage accordingly. It may.be found that dishes, 
can be washed 'less frequently and most of the laundry can be washed in 
cold wa^er. 

It 1^ best to do laundry, dishwashing, and batihing early enough "in 
the day so there, are enough hours of sunshine to. heat more, water. , If 
•your water usage patterns cannot be easily altered', a larger storage 
. tank will improve the operatioVi of your -system. 

CONSTRUCTION NOTES . ^ 

^ * 

Before any construction is started, check ^our local plumbing and 
building codes and obtain the necessary perm-its. 

This plan should provide the average person with the necessary in- 
formation to construct a sol&r water heating system. Some construction 
options are shown on the plan such as those for the collector box^ . How- 
ever, it is recommended that only copper sheet and tubing be used for 
constructing the absorber plate. It is possible to us^ steel or some ^ 
other material for the absorber and obtaiVi satisfactory , results. How- 
ever, the thickness of the sheet metal rtiust be increased and/or 
more tubinti is required. Because of, this, the cost of cons*truction 
using steel is equal to or greater than that for copper. Also, copper 
can be expected to last much longer than steel or other' mateVials. 



. In order to make the soldering job easier, -the plan ,indicates using . 
3 strips of copper sheet rather than- a full '3'- x 8' sheet. If difficulty 
is , still encountered, 6 strips -of copper can be used with one 'tube 
placed approximately in the center of each sheet. This procedure will - 
prevent the solder on adjacent tubes from melting and will not reduce the 
efficiency of the collector. 



The "handyman" may whnt to make other changes or substitutions in 
order to use materials already available. One further precaution is to 
avoid the use of. styrofoam ad^iacent to the metal absorber, because sty- 
rofoam may meltiit these high tempercitures . Styrofoam can be used as 
the second layer of insulation. . . ' - 

Building your own solar collettor can cut costs significantly, but 
should be undertaken only by those experienced in working with the kind 
of tools and materials necessary to. do the job. For those less experienced, 
it might be wise to obtain the help of others. Or, you may want to \t 
purchase a commercially available system. If yoir decide to purchse d 
system rather than build your own, the information presented in this 
bulletin will help in making your selection. For example, cji.ec^c to see 
how long it will take to pay for the sys.te^ii In saved power costs, check 
the storage capacity, construction of the collector and installation 
instructions. ' 
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, m1"E R POWE R FR OM FLOWING WA TER \ 

\ ■ " ■ . " ■ • -. 

Small rivers and streams can provide limited supplemental power for the 
direct drive of machinery or the generation of electricityC "iij^s^m- 
portant to r.emembrer , that the quantity of wate^ flowing jn theH^eam 
chaijges with the seasons; and .this must be taken into ton^ideratiort- ' 
when .designing a water-power system. This- paper contains the basic 
p»»ocedu're for estimating the. approximate power which can.be derived ^ 
from a stream, and the construction of A water wheel to ftiakfe the. 
.converMori from water to mechanical power, xturbines aTtd undershot. * _ 
wheels can also be used for the conversion, but their design is, 
considerably more complicated. " , . . 

The theoretical horsepower which can" be obtained from flowing water , 
is calculated with the following formula: ; / ^ ' 

- . • --HorsepoWA - "^W^ . * ' ' - ^v -^ -. -:v 

"Q" is the VolumeVf water |ifi Gul>tc feet flowing jilt^^lpi^^^^ 
second. "Q" can te cstim'afed by multiplying thfe cVoss isettftonal ^"arw-'ttf 
the 'stream by the velocity of the^ stream. The velocity ban be ,3tfma|'€!d/ 
placing a float on the surface of the water and determining^^ tHei ,tiine'^^'^ 
takes the float;, to travel a measured distance. This- must .be- ctetermiiA, 

^ io feet per second* thfe units for "Q" «ire in cubic feeVper second. 

^'^ This determination should be made at a time of year when the stream 
flow rate is at a minimum, if a' constant year* around ppwer 6utp«t-^"^ t 
to be. expected. The Width of the wafer wheel and the dimensjjwts pf 
the flume are sized to the expected stream flow rat4f> 

"|i" is the height, in feet, the water wi-)l fall after it is 
the bucket at the top of the water wheel. For the overshot 
i5. taken as the wheel diameter. For the pitch-back whe^l , " 
than- the wheel diameter. See water wheel plans> ' , 

The number 62.4 is the specific weight of water-in pounds'^per cubic ^ 
.foot, and. 550 i5 a conversion factor from foot-ppun.ds of work to horse- 
powier. - • " . ^ . • ' 

Example: A small stream -is 3 feet wide, 1/2 foot deep and flt)ws- at a ' 
^ velocity of 5 feet per second. The <liawetjir of the water wheel' wilU be 
, 4 feet. In this case the Water wheel . ancMj^ume wi 1 1 l?e .2 feet wtde, and 
the dam will be 4 f^et high; 

Q = " artf^ )i velocity 

.Q = 3 X 1/2 x'"5 = 7.5 ft:Vsec. 

Horsfepower = 62,4 X./7.5 X 4" -=3.4 

' • 550 . ^ 





Keep in mf\\(i thc>t 3,4 fs the theoreticc(«/tiorsepower or the approximate . 
.maximum hows^epower which could be obtained from thfe wat^r if the con- 
^vers'ion $,yat,em was 100 percent- efficient. But. for a water wheel the 
cgnversii^ irbm water power to me'chaqical power is only about 40 percent 
efficient*, ilhere is friction in the turnring wheel\even with roller 
bearings, nrvi there wi-lVb« con$ic|erable water spijlage. Efficiency is^ 
the riitio ofi^actijcif power" to theroreticaT power, and actijal mechanical 
^ power can bejfobtained frohi..the following formula:' 

Actul^ Horsepower = .Efficiency x Thiare.tical Horsepower • 

. ..Far the example:* ^ 

. * • ' ■ ■ ** 

^^ctual Horsepower = 0.4 x 3.4 - 1.36 ■ . - 

'Conversion to^^Electrical Power: 

A' conversion factor of 746 watts per hoursepower is used to convert the 
mechanical power th electrical power. 



Theoretical Watts = Actual Mechanical Horsepower x 746 

; For the example: . 

Theoretical Watts - 1 . 36 x 746 = 101-5 Watts 

But the alternator if operating at full load is only about 85 percent 
efficient at converting mechanical power to el eotrica> power. The 
efficiency of cpnvers'ion'- is even lower at partial load. To obtain the 
actual watt output of the water powered generator, multiply the theore-" 
tica-1 watts by the alternator efficiency.' 

Actual Watts = Generator Efficiency x Theoretical Watts 

■ A ' 

For the example: is " ■ 

^ * Actual Watts 0.85 x 1015 = 862 Watts 

' ■ -* 

For the stream in this example about 850 Watts of electrical . 
power could be expected. 

Consider, then, what 850 watts of power will operate in your home. 
Following are some typical home appliances and their wattage require-'^ 
ments: Coffee maker (750 watts), flat iron 1000 watts), frying fan 
' (IwOO watts), and toaster (1000 watts). .About the largest motor which 
could be expected to be operated by the generator would be 1/6'horse-. - ! 
power. 

The approximate power which can be' obtained from the stream can be 
estimated with this -procedure. However, before the alternator is 
sized, the water wheel and flume should be constructed and operated 
to determine the, actual quantity of water "Q" delivered to the wheel. 
This will give a more accurate determination of alternator size. 



There an? son\e adcHtlonal poirits to consider when desiqning a water 
power installation. Altering or restricting the natural flow of 
streams must not be attempted without first considering the Inland . 
Lakes and -Streams Act» number "346, and obtaining a permit frort) the 
Departmen^t of Natural Resources. • , . 

Placing a dam in' a stream will create a backwater or pond. The local 
ar^a must be studied to determine. the. size of the pond, and whether this 
wojild case any. objectionable floodijsg or other adverse affects. The 
I! Service or, the County Cooperative Extension 'Service 

Should be contacted concerning where t& get assistance in the design of 
the dam and the pond. 



The following plans are included to show, the general construction'of a 
wate'-^ wh^el for converting wat^r power to Electrical- power. Full 
size p ans can ^e obtained at a price of $1.00 from the Plan" Service, 
Agricultural Engineering Department; Michigan State University, East 
Lansing, Mi 48834. Ask for Water WheeT Plans No. 422-C2-1&2 
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FC>RMING SKCET METAL B^JCKETS 
n»0M to y^uoc CAi. \mH 



GLOSSARY 



Acch.ERATlON/ The tii?Mj. rate of change of velocity in either speed or 
direction. (13)* 

ACCI-LKRATJON DUE TO GRAVITY. The acceO^ration of a body freely falling in 
a vacuum. The International Committee on Weights "and Measures has 
adopted as a standard or accepted value, -980.665 cm/sec^ 6r • ^ 
32.174 ft/sec2. (13) 

ALTF.RNATING CURRENT (AC). An electric" current whose direction of flow 
is changed at periodic Intervals (many times per second). (7)' JT' 

ANGSTROM. A unit of linear measure equal to 10"!° micron or 1 x 10"^ cm 
(13, 15) - ^ 

-AQUIFER.. An undeyground bed or stratum of earth, gravel, or porous stone 
that contains water. (6) ' - - 

I 

ATOM. The smallest particle of an element which\an enter into a chemical 
combination. All chemical compounds are formed of atoms', the dif- 
ference between compounds being attributable to the nature, number, 
' and arrangement of their constituent atoms. (1^) 

ATOMIC Bfim. , An explosive that derives its energy from the fission 
or fusion of atomic nuclei. (13) ^ 

^ ATOMIC ENERGY, (l ) The constitutive internal energy of the atom which 
was absorbed when it was formed; (2) Energy deri ved wf rom the mass 
converted into energy in nuclear transformations. (13j 

ATOMIC PILE. A nuclear reactor. 

AUDIO SPECTRUM. The audible range of sound frequencies, extending from 
approximately 20 to 20,000 hertz. (15) 

BARREL. Although seldom stored in actual "barrels," crude oil is measured 
in a unit called the barrel, equal to 42 U.S. gallons. One barrel* of 
crude oil has the same energy as 350 pounds of -^oal. (9) 

BATT. See Blanket Insulation. 

BLACKOUT. (1) ^ total power failure caused unintentionally by storm 
dariiage, equipment failure^ or overloaded utility equipment: (2) An 
'exceptional situation in which all power is deliberately cut off by 
electrical generating facilities. 

> . _ • 

BLANKET INSULATION. Cotton fiber mineral wool or wool fiber made into 
varying thicknesses in a length. 

^Numbers in parentheses refer to the (GLOSSARY REFERENCES. 
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CLOCK-ACTUATEV WERMOS'J'AT. Automatically changes the thermostat between 
•<two settings, at predetermined times, permitting the temperature to be 
• Automatically reduced i'n the evening. 

. ^ • . ■ ' . ( • 

COAL. Solid, com'bustible, organic, hydrocarbon formed by the decomposition 
. of vegetable material wiihoiit free access to.air. (6) 

COAL GASIFICATION. The conversion of 'coal to a gas suitable for use as 
a Vl- '(6) , ^ ... 

* » 

COLUm EFFECT. As the volume of a. cube . increases , the yolume-to-surface 
ratio decreases. 

COMBUSTION. Burning; technically, a rapid oxidation accompanied by the 
•release of energy in the" form of heat and light. It is one of the . 
three basic contributing factors causing giir pollution. The others 
are attrition and vaporization. (6) 

COMFORT AIRxCCfNDITIONING. The process of treating air so as tq-control 
simultaneously its temperature, humidity, cleanliness, and distribu- 
tion. 

COMFORT ZONE. The\roper temperature, humidity, and^air movement to 
create a feel ing^^^omfort. ^/ 

COMPOUNDS. Substances containing" more tha^Nne constituent element and 
having properties, on the whole,' differenr-fj::^ ^^ ^hos e^ch their 
constituents had as elementary Substances. ThP'fUjul^tion, of a 
giv^n pure compound is perfectly definite, and is always the sanie no 
matter how that compound m^y have been formed. (]3) 

' CONDUCTOR (ELECTRICAL). A material capable of .carryi^ an electrical 
current. (6) . 

CONSERVATION. ■ The care or preservation of natural resourjj^. (6) 

CONSERVATION OF MATTER AND ENERGY (LAW OF). The SUm of the potential • 
and kinetic energy of an ideal energy system remains constant. (13): 

CONSERVED To manage or use wisely. (6) 

CONVECTION. The transfer of energy by moving masses' of matter, such as 
the eirculatiort of a liquid or gas. (3) 

■CONVENTIONAL HYDROELECTRIC PLANT. A" hydrgelectric power plant that uti- 
lizes streamflow only once as the water passes downstream, as opposed 
to a pumped- storage plant which recirculates all or a portion of the 
streamflow in the production of power. (6) 



6' 



F:t.RCTlucAL mEKar The energy associated with electric charges and their 

'■'''bSghf t'toJJhe'^lon!; Osf ' '''' ''''T 

''■'■"TSfJ^'''''' ''^"l ^ "Kfch chemical energy Is converted to 

electric energy by a spontaneous oxidation-reduction reaction. (15) 

/'^'T2^?^i„a;LKil?2.*^.|^r.!" ""''^"-'^ "'V ^'-t™"-. tube.. or.. 
KLEcniOLXSIS The conduction of electricity through absolution of an ' 

, -:uu?ir^he,:;ic*srcL^ge:"^lijr^'^^™^°""'' "'«^*''-«^ththe • 

KLECTROLYTE. A substance whose solution conducts an electric current. Jiff 

"''"'Tf f T^'' ^'^^"^^^^^e w^ves having an electric component" and 

nP^^2nH^^^°T"!!I*^^^^^• ^^^"^ Perpendicular to the other and both 
perpendicular to the direction of propagation. (15) 

ELECTRON The electron is a small particle having a unit of negative 
electrical charge, a small mass, and a small diameter. Every atom 
consists of one nucleus and bne or more electrons. (13) 

Elements are substances which cannot be decomposed by the . . 
ordinary types of chemical change, or madfe by chemical union. (13) 

ENERGY The capability of doing work. Potential energy is Wgy due to 
lllu^l Tt^^ with respect toanother or relative ^frts of the 
same body. Kinetic energy i^ due to motion. (13) 

ENTROPY. Entropy is the capacity factor. for isothermally unavailable 
energy. Every spontaneous process in nature is characterized by 
an increase in the total entropy of the bodies concerned in the 
process. -{13) 

ENVlRONmNT, The sum of all external conditions and inflijences affecting . 
the life, development, and ultimately the survival of an organism/ (6) • 

EVAPORATION. The change from liquid to gas in which molecules escape 
, from the surface of the liquid. (6) , 

FEEDSTOCK. Energy resources used as raw materials in the production of 
such products as wax and asphalt rather than as fuels for burning. ( 

FIRST LAW OF THERMODYNAMICS (Also called the Law of Coneervation of • 
Energy). Energy can be neither created nor destroyed. (3) 
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COOLING LOAD.. The amount of heat gain per unit time imposed on the 
cooling (refrigerating or ai r-condi tioning) ' equipment. (1, 12) 

CQOLING TOWER. A device used to cool power plant condensor water before 
if^is returned to lake, river, or ocean. The cooling tower is in- 
tended to prevent thermal pollution. (6) - 

COULOMB. The quantity of electricity equal' to the charge of 6.25 x 10^^ 
electrons. (15) 

CRUDE OIL. Liquid fuel formed from the fossils, of animals and plants at 
^ the bottom'of ancient seas; petroleum as ^t comes from the ground. (9) 

CURRENT (ELECTRIC). The rate of transfer of electricity, (13) 

CURTAILMENT. Cdtting back the use of- energy resources as opposed to con- 
serving or wisely using energy resources. (4) 

DECIDUOUS. Tre^s and shrubbery \that lose their leaves during tj^ fall 
season of each year and regain them in the spring. ^^ 

DENSITY. Concentration of matter, measured by the mass per volume. (13) 

DIFFRACTION. That phenomenon produced -by the spreading of waves around 
and past obstacles which are comparable in size to their wavelength. 
(13) 

DIRECT CURRENT (DC). An electric current that flows in only one direction 
through a circuit. (6) . - 

DIRECT ENERGY CONVERSIoi]. The process of changing any other form of, .energy 

into electricity without machinery that has moving parts. For example, 

a battery changes chemical energy into electricity by direct energy 
conversion. (9) ■ . 

DOUBLE GLAZED l/INPOW. Two panes of glass factory-sealed together with 
a small air space bfetween them. Double glazing has about twice the 
R-value of single grazing. 

EER (ENERGY efficMncy RATIO). An indication of how efficiently an 
appliance uses- energy. 

EER = Number of BTU's Used by the Appli ance 
Appliance's Unit Wattage " 

Since 1973 manufacturers of window air-conditioning units have been 
' required to label each unit with- its EER. (?) 

EFFICIENCY. The ratio of the useful work perforrfied to the amount of 
energy used in the process. (15) 

r 
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^ iro\il^^^^^^ ^^^-^ ""^'^^ the atoms produced are each ap- 

't^^^^^^^^ other words!^he 

' emission oV ex Se rqreat 0^^ !^.^ ^^''t ^he 
masses of the two new atom. ?! c^?^ of energy since the sum of the 
;»tnm tL % -Oiis IS less than the mass of the parent heaw 

E = Mc2. (?3^^^^ releasi9d is expressed by Einstein's equation, 

''""soTnLS Z^^l "O^k^-^'g on the principle of a 

enerS; ' Ol) ' ' ^P*"'""g.w''«e1 stores mechanical , 

'"'"'by tte'Jal?rol? Of rest or nation in matter, measured 

an acceIeJat?nn' ?r "™'«"t"- . The force F required to produce 
an acceleration a in a mass m, is given by P ^ ma. (13) 

'''''''''geoZkdeDn?l;.°ii' f o**^^'' ^"^^^ originating from 

d^'?l^r ?orTe°?::s7jA"^:?g"^. 'X) °" o"^- 

. F,mzna powt. The temperature at which a liquid changes into a solid. 

FmuSKY. Number of vibrations *or cycles per ,nit of time. (IS) 
FRiaroML FORCE. Force required to move one surface acVoss another. (13) 

"^10^ .^"^'2c"^:ar^t^g/br:Sc^L^rf?-^^^: ir'-' 

™ mlfnuciei „^""^!«r/««fion involving the combination of sma„er 

?rom Lss {rans?o™aH^I" t!!-° -""^r """^ "'t" ^ne'sv 
tion reacnn Ir^hl ^v; "^'«<' ^ thermonuclear reac- 

tion by reason of the extremely high temperature required to initiate 



FUSION 



change of state from a solid to a liouid- 2 ' A rMrtinn 
in Which light nuclei combine to form an atom wUh great;r !ass 05) 

'''"^^uan^f nfT'^f f™-" --adioactive substances, they are 

• t.'Z ln!^SJdT:?rl-^ayT ITir^'™''^^ -h'higtr^" 

^'^'^'kw^^!^*? °^,'"atter In which the molecules are practically unres^tricted 
by cohesive forces. A gas has neither definite shape'nor\o?um^ 
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GASOLINE. Mix^i^re of hydrocarbons obt^infcd from petrol ouni. (6) 

GENERATOR. ,A device that concerts heat or mechlSnical energy into elec- X 
trical edergy.. (6) \ ' \ 

GEOTllERMAL. As applied to'power generation, the use of heat energy ob- 
tained tKrqugh the medium of hot'water or steam coming from beneaJL+r 



GEai'ilEmiAL ENERGY. The heat energy available in the earth's subsurface 
believed to have been produced by natural radioactivity. The thermal 
gradient of the earth^'s crust is such that th<? temperature in a deep 
well or mine increases by about 1°. F for eadi 100 ft. of depth. (6) 

GRAM. A unit of mass in the metric system; lO""* standard kilogram. 4.^S) 

GRAVITATION. The universal attraction existing^between all material 
bodies. (13) . 

/GREENHOUSE EFFECT. A method of using solar radiation to warm underhea'ted 
areas (window treatments are opened to allow the window to admit and 
trap the sun's heat). 

GROSS NATIONAL PRODUCT (GNP). A measure of economic activity which is the 
total market value of all goods and services produced in a country. 
Depreciation and otfier al lowances^ for capital consumption are not 
deducted. (3) ^ 

GROUNDWATER. The supply of water under the earth's surface in an aquifer, 
or soil that forms a natural reservoir,^ (6) 

GROUNDWATER RUNOFF, Groundwater that is discharged into a stream channel 
as spring or seepage water. (6) ) 

HEAT. Energj( possessed by a substance in the form of kinetic energy, 
usually measured in calories or, in space heating, by the British 
thermal unit. Heat is transmitted by conduction, convection, or 
radiation. (6) 

HEAT CAPACITY, That quantity of heat required to increase the temperature 
of a system or substance one degree of temperature. It is usually 
expressed in caldries per degree Celsius. (13) 

HEAT ENERGY, Energy that causes an increase in the temperature of an ob- 
ject. It may change the object from solid to Jiquid or from- liquid 
to gas. (6) 

HEAT rUMP. A device that absorbs heat from the outside air and pumps it 
into the house. It works in reverse as a standard air conditioner . 
for cooling. 



the earth's surface. 
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'^''In'Sf nfl^i. ^f"^ of hydrog* that-has one proton and one.neutmn 
nucleus 6r ^^'V^^'" one eUctroii in o/'bit around the 



nucleus. (6) 
mi'.rz,. The :MKS unitroT 



;h'.TJ"l:.c^^^^ equivalent to U,e ex- 

mnSEVbum. punft that ii»as.ures the rate at which energy, 1s produced ' 
Of ab^tlf.X"rse^"2erl9r™'' '"""J ^"^^9^ ^^^r 

''"*S'Trf HH^^I- h '^J.flft'-'^. power plant In' which tlie "tm^ffie-geriera- 
tors are driven by falling water. 

^'™gen^^^^^^^^^ water-powered turbine 

■^'^rttrni.fi^ ^^'l^^^ ""^^^ propert i es . " di s tri bution , and . 

circulation of water and snow. 

HYDRcmwEiL^ ^ower^^duced by falling water.' (3) 

INFILTRATION.. The iDovement of air from the exterior of the house, or 
colder portions of the environment, to the interior of the house or' 
warmer areas of the environment. Winter winds blow cold outdoor dir 
into indoor spaces through cracks around windows ^nd doors on the 
windward side of the house. 



INFRAS(^N 10 SPECTRUM The range of compression waves at frequencies ^elow 
the audio range (below 20 hertz).. ^ (15) ^' 

INSULATION A substance that Insulates is one that can slow down the flow 
Of heat or sound. (6) ^ 

INTERIOR FINISHING MATERIALS. The permanent finishes or furnishings, such 
as paint, wallcoverings, paneling, flooring, tile, acoustic tile, 
and carpeting, which are applied to the. inside of a home. 

INTERNAL COMBUSTm ENGINE, Energy is suppl l^d by a burning ' fuel which is 
directly transformed into mechanical energy by controlled combustion. 

(6; ^ , ^ 

ION. An atom or' group of atoms that 1i not electrically neutral but' 
Instead carries a positiyfe or 'negative electric charge. Positive 
are formed when neutral atoms or molecules lose valence electrons^ 
negative ions are those which have gained electrons. (13) 
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ISOTOPI^, A variation of an element having the same atomlC^numtllr as the 
element itself, bfut having a different atomic' weight becauiercS^ a dif- / 
Cerent number of^eutrons. Different isotopes of the sam^-,«'1eHient' 
have different radioactive behavior. (6) . . >. ' ' 

JOULE; A metric unit of work or energy; ^the energy produced b\r?fprce of ' ' 
one newton operating through a distance of one meter ■. f -^Z 

^KILOCAWRIE. Heat energy equal to 4.19 x 10^ joules. (15) . ^'r'^',-/ 

KILOVOLT (KV). l,000"volts. (6) , > ■ ' ^ 

> ■ ■ 

KILOWATT (KW), The unit of power equal to 1 ,000-watts, 3.413 Btu's,'>oi--^s' 
1,341 horsepower. Roughly, the power of one kw is capable of raisM ^ 
the temperature of a pound (pint) of water l^F in one second (k)xf^% 



KILOWATT-HOUR (KWH). , The amount of work or energy delivered during th#l'^!S^ t 
steady consumption of one kilowatt of power for a period of one hour^^^l'^t ' 
equivalent to 3.412 Btu's. (6) -^j,'- l^"^ 



LIGHT. Radiant energy which an observer can see. (15) ^> ^ . ; 

LIQUIFIED NATURAL GAS (Lm. * Natural aas that has been changed into a - . % 

liquid by cooling to about -260OF (-160°C) at which point it occupies ;- " 
about 1/600 of its gaseous volume at normal atmospheric pressure; ' - '^v''? - 
thus, the cost of shipping and storage is reduced. (6) l 

LIQUID. A state of matter in which the. molecules are relatively free to a. 'f -- ' ^ 
cljange their positions with respect to each other but restricted bj^ ' 
cohesive forces so as to mainta^i a relatively fixed volume. (13) 
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LOOSE INSULATION. Small pieces of insulation which are ^lown ipto place. - '' '^'^ 

LOW SULPHUR COAL AtW OIL. Generally, coal or oil that contains one ' ' ^ 

percent or less of sulphur by weight. (6) 




. > 



MAGMA. Molten rock within the earth's interior. (3) • -^tt^ ^ 

MAGNEI'IC FIELD.. A region in which a magnetic force can be detected. (15) ' 



MASS. A measure of the weight of matter in an object.- The weight of an 

object depends on its mass. The United States Standard mass is the t« 
Avoirdupois pound as defined by 1/2.20462 kilogram. (7. 13) . ' 

MATTER. Anything v^ich is 5olid, liquid, or gaseous. (15) 



v^ich is 5oli 
kind of 



MECHANICAL. ENERGY. "JPhe kind of energy that is released to make obiects v':Cit^V 
nwve. .(6) , V- Vir^^ 

/mviUM. Any material-sbl id, ^iquid, gas-in which waves travel .v(15) 

■ . •■ ■ ft ■ 

^ _ 
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MEVAWATT (MW) A unit of power equal'lo 1.000 kilowatts or one million 
wdtts. \o) 

METHANE Colorless, nonpoisonous. and flamnable gaseous hydrocarbon; ^ 
emitted by marslies and by dumps undergoing decomposition. (6). 

MOBILE HOME SKIRT. A. foundation piece abided to enclose the area under a. 
rnobile home. 

MOLECULE. The Smallest unit quantity of matter which can exist by Itself 
and retain all the properties ^f the original substance. (13) 

MOMEmm. Quantity of motion measured by the produce of mass and velocity. 

MOTION. Continuous change of location or position of a body. (15) 

NATURAL GAS. Natural ly-occurri ng mixtures of hydrocarbon gases and vapors 
occurring naturally in certain geologic formations;' usually found 
associated with oil. (6) 

NEUTRON A neutral elementary particle of mass number 1. It is believed 
to be^a^constituent particle of all nuclei of mass number greater than 

NEWlVN. The force necessary to give acceleration of one meter per second 
to one kilogram of mass. (13) 

NONRENEHABLE RESOURCES. Depletable energy resources such as the fossil 
fuels— coal, gas, and oil. (5) 

NUCLEAR ELECTRIC POWER PLANT. One In whIch heat for raising steam is" 
provided by fission rather than combustion of fossil fuel. (6) 

NUCLEAR (ATOMIC) FUEL. Matej^ial containing fissionable uranium of such 
composition and enrichment that, when placed in a nuclear reactor, 
will support a self-sustaining fission chain reaction and produce 
heat in a controlled manner for process use. (6) 

NUCLEAB POWER. Electric power produced from a powpr plant by converting 
the energy obtained from nuclear reaction. (6) 

NUCLEAR POWER PLANT. Any device, machine, or assembly that converts 
nuclear energy into some form of useful power, such as mechanical 
or electrical power. In a nuclear electric power plant, heat produced 
by a reactor is generally used to make steam to drive a turbine that. 

. ^ In turn, drives an electric generator. (6) 

NUCLEAR REACTION. A reaction involving a change in an atomic nucleus.' such 
as fission, fusion, neutron capture^^ or radioactive decay, as distinct 
from a chemical reaction, which is limited to changes in electron 
structure surroundinti the nucleus. (6) 

■ ■ iS3 ■ ■ ■ ■ ■ 
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NUCLEUS. The dense central core of the atom in which most of the m|$ and 
all of. the positive charge is concentrated. (13) ™ 

OFF-PEAK. Energy supplied during periods of relatively low system demands. 
(6) 

OIL SHALE. Sedimentary rock containing solid organic matter (kerogerj;^) 
that yields substantial amounts of oil when heated to high tempera- 
tures. (6) 

OIL SPILL. The accidental discharge of oil into oceans, bays, or inland* i 
^waterways. Methods of oil spill control include chemical dispersion, 
combustion, mechanical containment, and absorption. (6) 

OPEC (Organization of Fetrolewn Exporting Countries) . An organization 
of countries in the Middle East, .North Africa, and South America 
which aims at developing common oil-marketing policies. (3) 

OPTICAL SPECTRUM. Includes those radiations, coninonly called light, that 
can be detected visually. They range from 7600A to ^OOOA.and are a 
type of electromagnetic radiation. (15) 

»■ 

ORIENTATION. Position with relation to the compass. 

OXIDATION. A chemical reaction in which oxygen unites or combines with 
other elements. Organic matter is oxidized by the action of aerobic 
bacteria; oxidation i^ used in waste water treatment to break down 
organic wastes. (6) ' . 

PEAKING, Power plant operation to meet the highest portion of the daily 
load. (6) ^ • " 

PEAKING CAPABILITY. The maximum- pfeak load th^ can be supplied by a 

generating unit, station, or system in a stated period of time. For, 
a hydroproject, the peaking capabi 1 i ty .^/ould be equal to the maximum 
plant capability only under favorable pool and flow conditions. Often 
the peaking capability may be less due to reservoir drawdown or tail- 
water encroachment. (6) . , 

PHASE. (1) A condition of matter; (2) The position. and motion of a parti- 
cle of a wave. (15) 

PHOTOSYNTHESIS. The process b^which some plants make food With the help 
of sunlight energy (the fdjp is a sugar called glucose; oxygen gas 
is also produced during photosynthesis); the process in which sunlight 
falling on green. plants causes carbon dioxide and water to be converted 
'into more complex organic materials such as glucose. (7) ^ 

Plutonium, a fissile element, artificially produced by a neutron captured 
by U238.. (13) - ^ 
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VOTENTlAl (ELECTRIC). Difference of potential between two points is 
ineasured by the work necessary to carry unit positive charge from 
one to the other. (13) 

POWl^R, The time rate at which work is done. If an amount of work W is 
done iri time t the power or rate of doing work is P - y/t. Power will 
be obtained in watts if w is expressed in joules and t in seconds. (13) 

PRESSURE. The force applied to a unit area. (15) 

PROTON. An elementary particle havihg a positive charge equivalent to 
the negative charge of the electron but possessing a mass approxi- 
mately 1 ,837 tin«s as great. , The proton is, in effect, the positive 
nucleus of the hydrogen atom. (13) 1 

.PUMPED HYDROELECTRIC STORAGE.' The only means now available fot the large- 
scale storage of electrical energy. Excess electricity produced 
during periods of low demand is* used to pump water up to a reservoir. 
When demand is high, the water is released to operate a hydroelectric 
generator. Pumped energy storage only returns about 66 percent of 
the electrical energy put into it, but costs less than an equivalent 
generating capacity. (6) 

^ PUMPED STORAGE PLANT. A hydroelectric power plant which generates elec^ic 
energy for peak load use by utilizing water pumped into an elevated 
storage reservoir during off-peak periods. (6) 

R-VALVE. Thermal resistance; computed by the conductivity divided into 
one. The measure of resistance to heat flow. (1.2) 

RADIATION. The emission and propagation of energy through space or througl- 
a medium in the form of waves. (13) 

RECLAMATION. Act or process of reclaiming; for example, strip-mined land 
should be reclaimed--replanted and leveTed. '(14) 

REFLECTION. The turning back of a wave from the boundary of a medium. (15) 

REFUSE. See eolid mete. . * • ' ' w 

• ■ . t 

RENEWABLE RESOURCES. . Nondepletabl e resources; for example, the sun. (5) 

RESERVES. The aipount of a natural resource known to exist and expected to 
be recovered by present-day techniques. || 

RESERVOIR. A pondt lake, tank, or basih--natural or manmdde--used for the 
»storage, regulation, and control of water. (6) 

RESOURCES. The estimated total quantity of a natural resource such as 
minerals in th# ground; includes undiscovered mineral reserves. (6) 
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SECOND LAW OF THEnMODmAMICS, One of the two "limit" laws which govern Ihe 
^/ conversion of energy. Referred to here as the "heat tax," it Can be 
'stated in several equivalent forms, all of which describe the in- 
evitable passage of sonie energy from a useful to a less useful form in 
'any energy conversion. (3) ^ >^ 

■ SillSLL, The roof or cover of a home, the foundation or part that , sits on 
the ground, and the side^ which join the two. 

4 

SnfPLE MACHINE. A contrivance for the transfer of energy and for 
increased convenience in the performance of work. (13) 

^ • 

SOLAR. CELL. .. \ photovoHaic-ce^ll which Converts radiant energy from the sun- 
into elecTirical energy. (6) 

SOFAR ENEKGY. \adiation energy from the sun falling upon the earth's 
-surface. (6\ 

SOLID. 'A State oAmatter in which the relative motion of the molecules 
. is restricted a|nd they tend to retain a definite fixed position rela- 
tive to each other, giving rise to crystal structure. A solid may be • 
said to have a d^inite shape and volume. (13) 

SOLID WASTE. Useless, u^anted, or discarded material with insufficient 
- 1 iqui(J^ content to be f^&«r-^flQWi ng . (6) 

SONIC SPECTRUM. The region of sound; a range which includes' audio range 
frequencies^ ultrasonic range frequencies, and infrasoniC;^ range fre- ' 
quencies. l^b) . , ' 

SOUND ENERGY. A kind, of energy carried by molecules that^'vibrate back 
' and forth; so that waves are formed. (6) t 

SPECIFIC HEAT. The heat capa'city of a material per unit mass. (15) 

Si^EED. Time rate of motion measured by the distance moved over in unit 
time. (13) 

STATIC ELECTRICITY. Electricity at rest. (15) 

STEAM-ELECTRIC PLANT. A plant in which the prime movers (turbines) con- 
nected to the generators «^re driven by steam. (6) ' 

STOCKPILE. A storage pile or reserve supply of an essential raw material; 
for example, coal is stockpilecl in the open air for storage purposes. 
(14) 

STORAGE CELL. An electrochemical cell in which the reacting materials are 
renewed»by the use of a reverse current from an external source. (15) 

STORED ENERGY. See Energy (potential). 
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.wwr DOOR. Additional door with an ?ir space between it and the existinq 



STORM WINDOW. Additional window with an air space between it and the 
thrl^l'^ Window.- storm windqws will cut in half the heat that passes 
through windows in your house. ^ 

, STRIP-MINING. A process in which ro<^ and topsoll strata ovferlying ore 
or fuel deposits are scraped away by mechanical shovels. Also known 
» as surface mining. (6) 

Sl/BUMINATION. The change of phase from a solid directly to a vapor or 
gas. (15) . 



SUPKRFLYWHEEL. A flywheel of the future that win be constructed of 
materials wh^ch have special properties along each axis. See also 

SUPERrANK^:RS Extrenjely large oil 'tankers that can hold up to four • 
mi ion barrels (170 million gallons) of oil.- The largest ones 
WIN require deepwater ports. 

TKCNNOLOGY. Applied Science. 

TEMPERATURE. The condition of a body which determines the transfer of heat 
to or from other bodies; particularly. It is a manifestation of the 
average translational kinetic energy of the molecules of a substance 
due to heat agitation. (13) 

TENSILE STRENGTH The greatest longitudinal stress a substance can bear 
without tearing apart. (14) 

^m'RmL EFFICIENCY. The ratio of the electric power produced by a power 
plant tb the amount of heat produced by the fuel; a measure of the 
efficiency with which the plant converts thermal to electrical energy. 

THERMAL ENERGY, The total pote<)tidl and kinetic energy associated with the 
random motions of the particles of a material. (15) 

THERMAL PLANT. A generating plant which converts heat energy to electrical 
energy Sucfi plants may burn coal, gas, oil, or use nuclear energy 
to produce thermal energy. (6) ' . 

THERMAL POLLUTION, Degradation of water quality by the introduction of a 
heated effluent. Primarily a result of the discharge of cooling waters 
from industrial processes, particularly from electrical power genera- 
tion. (6) , ^ 

THERMODYNAMICS. The science and study of the relationship between heat 
and mechanical work. (4) » 
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TliANSFORM^:H. A machine which can increase or decreas^ the voltage of an 
alternating current. (6) 



TRANSMISSION, ^he act Or process Of transporting electric energy in bulk 



TRANSMISSION 'LINES. Wires or cables -through which high voltage electric 
power is moved from point ta point. (6) ^ 

TURBINE. A motor, the shaft of which is rotated by a stream of water, 
steam, air. or fluid from a nozzle and forced against the blades of 
a wheel. (6) ' " 

ULTRASONIC SPECTRUM. The range of sound compression "waves at frequencies 
above the audio range (above 20,000 hertz). (15) , 

UNIT TRAIN. An ore shuttle that carries coal non-stop from mine to power 
plant. (10) 

VALENCE ELECTRONS OF THE ATOM. Electrons which are gained, lost, or shared 
in chemical reactions. (J 3) 



VAPOR. The- words Vfipor and gaa are often used interchangeably. Vapor is 
more frequently used for a substance which, though present in» the 
gaseous phase, generally exisj;s as a solid or liquid at room tempera- 
ture. Gas is more frequently used for a substance that" general ly 
exists in the gaseous phase at room temperature. (13) 

VAPORIZATION. The change of a substance from a liquid or solid state to 
the gaseous state. One of three contributing factors to air pollution; 
the others are attrition #nd combustion. (6) . 

VELOCITY. Time rate of motion in a fixed direction. (13) 

VOLT. The unit of electromotive forc§. It is ttie difference in potential- 
required to make a current flow through a resistance. (13) 

VOLTAGE. The amount of force employed to move a quantity of electricity; 
measured in volts. (6') 

WATER VAPOR, Water in the form of a gas. (6) 

WATT (W). A unit of measure for electric power equal to the transfer of 
one joule of energy per second. The watt is the unit of power most 
often associated with electricity (1 horsepower = 746 watts) deter- 
mined by multiplying required volts by required amperes 
(volts X amps' = watts). ^ ^ 



frOm a source or sources 




(6) 
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WAVE MO'TION. A progressive disturbance propagated in a medium by the per- 
iodic vibration of the particles of the medium. Transverse wave motion, 
is that in which the vibration of the particles is perpendicular to th^ 
direction of propagation. Longitudinal wave motion is that in which 
the vibration of the particles is parallel to the direction of propa- 
gation. (13) 

WEATHERSTRIPPINC^ Reduces the rate of air infiltration by making sure 
that all doors and windows fit their frames snugly. 

WEIGHT, The measure of the gravitational force acting on a substance. (15) 

WINDOW TREAT14SNTS, Applications to the -inferior side of windows— (blinds, 
shades, shutters, draperies). . ^ 

WORK. A force acting against resistance to produce motion in a body; 
measured by the product of the force acting and the distance moved 
through against the resistance. (13) 

x-RAXS. A tyf)e of radiation of higher frequency than visible light but 
lower than gamma rays. Usually produced by high energy electrons 
impinging upon a metal target. (13) 

ZONE CONTROL. Independent temperature control for each area to be heated 
and cooled with appropriate distribution control. 
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A lternative Energy Sources . James P. Kartnfett, Academic Pres^, m 

Fifth Avenue, New York, NY 10003. ISBN 0-12-328550-X $28.50, 328 pp. 

Applie d Solar Energ y. Alleton Press, 150 Fifth Avenue, New York, N.Y. 10011 

Catch The Wind . Landt Dennis, Four Wind Press, Division of Schoolastic 
Press, 50 West 44th Street. New York, NY- 10t)36. $7.95, 114 pp. 

Checklist for ^nergy Conservation in the Home . Tennessee Energy Office^ 
Nashville; Tennessee. Tennessee Energy Office, (n.d.). [75 pp., 
/^mimeographed; free (250 Capitol Hill Building, 37219)]. 

Design Manual for Solar Heating of Build ings, by. Dr. R. L. Field. 
SOL-PUB, P.O. Box 2351, fiaithersburg, Mb 20760 $6.95. 

Dire ctory of the Solar Industry . Solar Data, 13 Evergreen Road, Hampton, 
(New Mampsnire 

<^ 

En ergy Conservation in the Home U.S. Department of Energy, Technical 
Information Center, P.O. 5ox 62, Oak Ridge, Tennessee 37830. Soft 
cover book. 

Energy Conservation Strategies . Seidel, Marquis R., Steven E. Plotkin, 
and Robert 0. Reck. EPA^5-73-021 . (114 pp.; paper cover; NTIS 
Report 546-309/34). N 
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Energy Conservation iti The U.S : Why? tiow Much? By What Means ? Laurence 
Moss, tnergy Conservation Training Institute, Washington. D.C. 
The Conservation Foundation. 1976. [76 pp.; loose-leaf notebook; 
free upon request (1717 Massachusetts Avenue, N.W.. 20036)]. 

E nergy and Environment . Gary 0. Robinette, Kendall/Hunt Publishing^Co. , 
Dubuque, Iowa T973, $9.?5. 

En ergy, Environment and Buil'ding . New York. Cambridge University Press, 
$5.95. 

Energy Futures: Industry and the Technologies , by Steward Herman 

and James Cannon. Inform, Inc., 2fe Broad Street, New York, NY 10004 
$256, 752 pp. ($10 for summary report). 

En ergy Primer , Portola Institute, 588 Santa Cruz Avenue, Menio Park. 

California 94536. Cost: $4.50. Covers expeHiMj|nts. maJiuf4ctiyr:eF>> . 
and equipment. An excellent resource for designing ^Ind building 
energy sys tems'. Has many addresses I 

Energy and Society , Timothy J. Healy. San Franciscd, California:^ Boyd 

and Eraser Publishing Company, 1976. [376 pp.; soft cover; $6.95 (3627 
Sacramento Street, San f^rancisco, California 94118)] . 
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The Case for Conservatloh , Dennis Hayes. The Worldwatch 
nstitute,\3anuftry 1976. 177 pp.; soft cover; $2.00 (1776 Mass- 
achusetts Avenue, N.W. Washington, O.C. 20036)]. 



Energy! U se, Con servation, an d Supply. American Association for the 
Advancement of Science, Washington i D.C. 20005. Minimal cost. 
This is a soft cover book composed of ^rious articles that appeared 
in weekly journals of "Science". It is an excellent' resource although 
it of course is not too current. 

Future Energy Product ion Systems, Vol. I & II. Jesse C. Denton, Academic 
Press. Ill BtfT^fvenue, New York, NY 10003, Vol. I - $38, 378 pp. and 
Vol. II - $38, 488 pp. V 

Handbook of Homemade Power. Bantam Books , Inc. , 666 6th Avenue, New York, 
N.Y. 10019. Cost: TT. 95. Covers several areas of energy and sources 
for additional information. 

Heating and Air Conditionin g Ayarwm a Installa tion Standards for One and Two 
Family Dw ell ings' ^nd Multlfamily Housing Inc 1ud1ng"Solar. Sheet Metal 
and Air Conditioning Contractors National Assoc i ati onTTnc . , 1977. 
8224 Old Courthouse Road, Tysons's Corner, Vienna, Virginia 22180. 
[90 pp.; paper cover; freej 

^ 

Here Comes the Sun: 1981 . Joint Ventures and Friends, 1406 Pearl Street, 
Boulder, Colorado 80302. [Joint Venture, Inc., 1975. 95 pp.; paper 
cover, $12.00]. 

Ins ulation, Solar Heating , and Improved Evaporative Cooling: What you can 
do today. John F. PeckT~Envi ronmental ''Research Laboratory, University 
o7 Arizona, 1976. '[65 pp.; soft cover, $3.00] 

Lo w-Cost, Ene rgy-Eff icient Shelter for the Owner and Builder. Eugene Eccli. 
• [408 pp.; soft cover; $5.95] Rodale Press" (1976) 33 East Minor Street 
Emmaus, Pennsylvania 18049. 

Low Temperature Engl neerinil Application of Solar Energy , R. C. Jordan, 
w ^-^7th Street, New York, N.Y. 10017 



National P ro gram fo/ Solar Heating and Cooling of Buildings . Energy 
Research and Development Administration, Division of Solar Energy, 
Government Printing Office (1976) Washington, D.C. 20036. [84 pp., 
paper cover; $1.55 (Stock No. " 052-003-00043-3)]. 

Nuclear Power , by Walter C. Patterson. Penguin Books,' 625 Madison Avenue, 
New York, N.Y. 10022. $3.50, 304 pp. 

Potential for Inerqy'' Consery^^fan In Vhe United States r<^74-l 9787-^ . 

ri^tlonal t>etroleum Council, 1625 K Street NW, Washington, D.Cr^Da^. 

[129'pp.; paper cover] \ 

Producing Your Own Power . ' Covers several areas of energy,' small scale 
designs' Vintage Books (Random House) 201 E. 50th Street, New 
York, N.Y. 10022. [Cost, $3.95]. 

Sol ar Heated Buildings: A Brief Survey; 12th edition. March 3, 1976. 
— W. A. Shurcllff, 19 Appleton Street, Cambridge, Massachusetts 02138. 
[212 pp.; paper cover; $9.00. 
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Solar Collector Design . (1977) [94 pp., $6.50] D. K. Edwards, PhD, 
. Franklin Institute Press, Benjamin Franklin Parkway, Philadelphia. 
Pennsylvania 10103. 

Sol ar m rectory . $20.00. Manufacturers, projects and bibliography. ' 
Carolyn Pesko; Ann Arbor Science Publishers. P.O. Box 1425. 
Ann Arbor, Michigan 48106. [ISBN 0-250-40109-6]. 

Solar Energy and Shelter Design . $7.00. TEA Church Hill. Harrisville. 
. Hampshire 03450. 

Solar Energy. A Bibliography Technical Report . $10.60. [TID 3351] 
National Teqhnical Information Service. U.S. Department Of 
Commerce. Springfield. VA 22161 . ^ 

Sol ar Energy For Man . B. 3: Brinkworth"; Compton Press . Sal isbury . England 

Sol ar Homes and Sun Heatin g. Goerge Daniels 1978. $8.98. Harper and Row - 
Publishers. 

T he American Energy Consumer , by Dorothy K. Newman and Dawn Day. 1975 
Bal linger Company. 17 Dunster Street. Cambridge. Mass. 0^138 
[308 pp.; paper copy. $8.25]. . . 

The E nerg y and Environment Glossar y. John Jones (ed.) [93 pp.; soft 
cover, one Item In a set of 8 booklets; $16.00/set]. Energy and 
Man's Environment. Inc.. 0976). 0224 SW Hamilton Street. Suite 301. 
Portland. Oregon 97201. 

The Homeowner's Energy Guide , by John A. Murphy [215 pp.; paper cover. $6.95] 
Thomas Y. Crowe'll Company (1976). 666 Fffth Avenue. -New York. NY 10019. 

The Potential for Energy- Savings Through Reductions in Hot Water Consumption ^ 
by John:ifieorge Muller. [43 pp.. paper cover, free]. Federal Energy 
AdministVation. Publications Distribution Office. Office of 
Communications and Public Affairs. Washington. D.C. 20461) 

The Vertical Axis Wind Turbine; How it Works , by B. F. Blackwell. $3.75. 
National Technical Information Service. 52S5 Pprt Royal Road,- 
Springfield. VA 22161. M 



Wind Ca t chers American Windmills of Tcfday and Tomorrow , by Volta Torray. 
[$12.95. Hardcover], the Stephen Greene Press. Bratteboro VT 05301 . 

Wind Energy. Util Izatlon .. A bibliography with Abstract Cumulative Volume 
1944-1974. TAC-W-75-700. $12.95). Albuquerque Tech Application 
Center. New Mexico University. 

, ■ I I, 'J ■ - ' 

Your Energy-Efficient House : Building and Remodeling Ijeas , Anthony 
Adams. [118 pp.; paper cover. $4.95] Garden Wiy Publishing Co. 
. (1975) Charlotte, Vermont 05445. 
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A-Z Solar Products 
200 E . 26th Street; 
Minneapolis, MN 55404 

Alpha Energy Systems 
1615 St. Louis Street, 
Springfield, MO 65801 
(everyth'i ng ) | 



Al ternativW Sources of Energy 
The Seabur(f Press 

815 Second AvenU'e, ■ ' 

New York, NY 10017 - . •• . \ . 

Solar Research 
5?5 N. 5th Street, 
Brighton, MI 48116 

(Thermal /Solar Components) , 

"E.A.R.S." Catalog " ' « 

Environmental Action Reprint Service 
2239 East Colfax Ave. ^ . . 

Denver, CO 80206 . 

Free Heat Corp. 
P.O. Box 128, 
Newport, RI 402840 

(things mafe by Free Heat Corp.) 

Hel iotrope General 

1869 Hidden Mesa Road , < ° 

El Cajon, CA 92020 

Independent Energy Systems 
6043 Sterretaoia Road, 

Fairview, PA 16415 , > 

( every th i ng ) " - v ' 

■ ■ <» 

Rho Sigma 

5108 Mel vin- Avenue, 

Tarzana , CA 91 356 . ^ 

Sol ar Age 
, p.p. Box 305, 
Dover, NewiJers^ 07801 

Solar Equipment Guide 
Solar Review, Dept. A, 
De«r.brook; Wisconsin 54424 . 

(list of manufacturers of.solar equipment) ^ 

Solar Products 
Box 195. Dept. 785 A, 
Deer Park, New York 11729 ^ 
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Energy Related Films " 

Dept. of Energy Film Library 

P.O. Box 62 , ' > 

Oak Ridge, Tenn. 73830 , 

Have some excellent films on energy. Ask for film catalog. 

Energy Related Fi 1ms 

Stuart Finely, Inc; ' . 

3428 Mansfield Road, 

Falls Church, Virginia 22041 

They have a series of^en films on energy and the environment 

"Energy Related Material's 
National Science Teacher's Association 
1742 Connecticul Avenue NW, 
Washington. D.C. 20009 
Cost - |9.00 

A 3 volume package of energy related material s • prepared by 
NSTA, F^A, and USOE. . . . 

Institute of Scrap Iron and Steel, *Ihc. 

Dept. INS, 

1 729 H Street NW 

Washington. D.C. 20006 — 

Teaching materials and pamphlets. 

. ^ 

Living with Energy 

Standard Oil Company , 
Mail Code 3705, 
200 E . Randolph Drive, 
Chicago, II 1 inois 60601 
Cost: Free - 

This is a ffile 6fyf))iir spirit masters that emphasizes that 
Americans can no/lo{iger live'with energy as they did in the 
past. Ej(cel.le]vt^ fJli handout to the students; emphasizes 
their life styles." • 

National Coal Associat.ion ' 
Educational Services, Coal Building 
Dept. INS, 1130 17th Street NW, 
Washington, D.C. 20036 

Map of coal deposits and four booklet-s 

National Solar Heating and Cooling Information' Center *- 
P.O. Box 1607, 

Rockville, MD 20850 ■ " 

Call Tolt Free (800-523-2929) 

Sources for solar beating and cooling information. 
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Natural Energy Workbook 
Visual Purple 
Box 977. 

Berkely. CA 94701 ' • > 

Cost: $3.95 

Gives lots of sketches and details of plans for doing-it- 
yourself alternate energy projects. Some technical 
aspects of the book need improvement. 

/Secenbaugh Mind Electric » 
% P.o: Box 11174. 

*H.falo Alto. CA 94306 • " 

Wind Generator Plans 
Cos^: $12.00 




IfijS. Department of Energy 
Technical Information Center 
P^O. Box 62. . 
0*4 Ridge, Tennlssee 37830 

♦|;ollo,wing is a list of pamphlets:" 
^ The Breeder Reactor . 

The Energy Crisis * 
^Fusion 
'^■.Geothermal Energy 
. Hel^ted Water from Power Plants 
itH^l ear Power Pl ants; How safe are they? 
i'l Shale 

iidioactive Wastes ^ ' 

ipping of Nuclear Waste 
?(^1.ar Energy * 
C|>st: Free in limited quantities 

Th^'.se frfee pamphlets are used very effectively as handouts 
to tfhe 'students . The information is recent in all of the 
pamphlets, and. they do an excellent job in telling the 
student about each aspect. 



Wi ndworks 

Route 3, Box 329, 

Mukwonago. Wisconsin 53149 

Wind Generator Plans 

Cost: $15.00 



PAHPHLETS 



"The ABC's of Air Conditioning". 

Carrier Corporation. 1975. Syriicuse, New York 1 3201 
.24 pp.; paper cover; Request from Carrier 

"A Consumer ' s. Guide to Energy Conservation with Natural Gas" 
American Gas Association. 1515 Wilson Boulevard, Arlington, 
Virginia 22209; 15 pp. , 10^. 

"Don't Be Fuel Jsh : 1 ps for the Motor 1 st%( 1 974 ) ' 
Federal Energy Administration, Government Printing Office, v 
Washington, D.C. 

10 panel pamphlet; free 

"Energy Conservation: Experiments You Can Do" 
Thomas Alva Edison Foundation 

Cambridge Office Plaza, Suite 143, 18280 West Ten Mile Road, 
Soi^thfield, Michigan 78075. 

E nergy: Sele<:ted Resource Materials f^ DevelopVnq Energy 

Education/ Conservation Proqra mF: (1976) The National 

Wildirfe Federation, 1412 16FF Street NW, Washington, D.C. 20036. 

22 pp.; single copy pamphlet free, additional copies 10^. 

by: Jonathan M. Wert. 

"Looking Ahead ^o 1990: Exxon Examines the Outlook for Energy 
Over the Next 15 years". Vol. XIV. No. 1 published quarterly; 
free by writing: &xxon Corp., P.O. Box 2180, Houston, EX 77001, 

"Home Energy Saving Tips ffom NBS"', 4 pp. flyer, free, by writing 
to: U.S. Department of Commerce, Public Documents Distribution 
Center, Consumer Ihforma^^n Service, Government Printing 
Office, Pueblo, Col oradV 81 009 . 

"How to Save Energy inWour Home" ,( 1975 ) , Kurt Vragel . 

26 pp., paper coverj $1.00. Kurt Vragel Associates, Inc., 
1401 E. Giratlil- -Street, #3-264 , Inglewood, CA. 80110. 

"Making^the, Mostof Your Energy Dollars in Home Heaffng and 
Cooling", by Madeline Jacobs and Stephen R. Peterson. Governm.ent 
Printing Office, Washington, D.C. 20036. June 1975. 
17 pp.'; paper cover; 70^. 

"Money to Burn"; American Gas Association, 1^15 Wilson 
Boulevard, Arlington, Virginia 22209. 10 pp.;^10<^. 

NSF-RANN Wind Energy Research Reports 

National Science Foundation, 1800 G Street NW, WasK. D.C. 20550 

"Save Energy"; Federal Energy Adm. , Publications Distribution 
Office. Washington, D.C.^ 20461. Ip.; free; also available 
in Spanish.' \, 
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"Solar Hot Water and Your Home", (1977); National Solar 

Heatinq and Cooling Information Center, P.O. Box 1607, ^ 
Rockville, Maryland 20850. 20 pp.; paper cover; free. 

"Thermal Insul atlon" , ( 1 ^^6 ) ; The Monsanto Company, Carpet 
Departm.ent, 350 Fifth Avenue, New York City, N.Y. 10001. 
4pp.; pamphlet; free. 

"Tips on Saving Energy", (1975); Council of Better Business 
Bureaus, Inc., 1150 17th Street NW, Washington, D.C. 20036 
10 pp . ; paper cover 

What 's Behind the Energy Cri sis ,64 pp. i free. This i s a'n 
excellent pamphlet for handout to the students. It covers 
the energy crisis, the world's crippling dependence on oil, 
and solutions to our energy problems. Write to: 
Ambassador , Col lege Press, P.O.' Box 11, Pasadena, CA 91123. 
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PERIODICALS 

Alternate Energy DirectOVy 

Source of booklets, books and catalogs 

AEPCO 

P.O. Box 26507, 
Albuquerque, N.M. 87125 
$2.98 

"Alternate Sources of Energy 

ASE ^ . , 

Rougt 2, Box 90A, 

Milaca, Minnesota 56353 

$5.00 for 4 -issues (bi-monthly) 
Covers.many energy areas, written for practical 
applications, additonal references and sources 
of information. • 

Energy Reporter ^ 
Federal Energy Admi n i s tra t ion 
"Energy Reporter" Subscriptions 
Room 2115 

Washington, D.C. 20461 
Q Free to officials of school systems with orders on 
^official letterhead. An informative monthly report 

on energy activities in and out of government. Lists 

additional sources of information. 

Insulation Reporter 

N^tiorjal Mineral Wool Insulation Assn. 
382 Springfield Ave. , 
Summit,' N.J. 07901 



Journal of Appropriate Technology 

2270 NW Irving Street, ^ - 

Portland, Oregon 97210 

Consumer News 

Office of Consumer Affairs 
Cbnsumer Information Center 
Health, Education & Welfare Dept. 
Pueblo,^ Colorado 81009 

^ Newsletter; $4.00 annual subscription. 
Not Man Apart 

Friends of the Earth , 
529 Commercial Street, 
San Franclscb, CA 94111 

Conservation Magazine; $10.00 (non-member subscription 

Solar Energy Digest i 
P.O. Box 177,75 , 
San Diego, CA 92117 

Subscription rate $28:50 for 12 months. 
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Texaco Star 

165 East 41st Street, 

New York, N.Y. 10017 

Wind Power Digest 

Jester Press 

54468 CR 31 , 

Bristol, Indiana 46507 

Wood Burning Quarterly and Home Energy Digest 
8009 - 34th Avenue South, 
Minneapol Is, .Minnesota 55420 
-Publisher James Cook $1.50 

Wood 'n Energy 
Wood Energy Institute 
5 South State Street 
Concord, N.H. 03301 

$5.00 Subscription ' 
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BIBLIOGRAPHY 



" These materials were used in compiling this resource guide - 
it is not a complete energy/energy conservation bibliography. 



Award Winning Energy Education Activities . For Eleme ntary and High School 
Teachers '. Energy Research and Development Administration^ National 
Science l"eachers Association, 1977. 

Cooperative Extension Service, University of Idaho. Hand-outs concerning 
Energy. College^of Agriculture in cooperation with the U.S. Department 
of Agriculture. 

Driver Education Energy Packet. "Some Things are Worth Saving", Idaho 
Office of Energy. 

ENCORE - Energy Conservation Resources For Education , Modules 1 thru 19, 
department of Industrial Education, Texas A&M University, College 
Station, Texas 77843. (Supplied Courtesy of The Governor's Energy 
Advisory Counci 1 ) . , . . 

Energy - A Teacher's Introduction To Energy and Ener9y Conserva^on . 
"^0 1 umbus, Ohio 1975. Battel le. Center for Improved Education. 

Energy Activities for the "Classroom. Herbert L. Coon and Michele Y. 

Alexander. ERTC Center for Science, Mathematics, and Environmental 
Education, Columbus, Ohio; 1976. " 

En ergy Awareness Education , Grades K-3, 4-12, and Energy Awareness Education 
Resource Materials - Energy Education Activities; Oklahoma State 
Department of Education, 1977. 

Ene rgy Conservation & Alternative Energy Curriculum . James E. O'Bannon. 
The California Energy Resources Conservation & Development 
Commission and the Chancellor's Office, California Community 
Colleges," May 1977. (Energy Dilemma^ Solar Energy, AlteVnate 
Energy, Energy Conservation', Thermal Insulation, Nuclear Energy.) 

E nergy Conservation Education: An Action Approach. Michael Zamm ahd 
Barry C. Samuel . Council On The Environment of New York City, 
New York, 1977. 

E nergy Conservation in the Heine. An' Energy Education/Conservation 
Curriculum Guide for Home Economics Teachers. U.S. Department, 
of Energy. , Prepared by The University of Tennessee Env.ironment 
Center and College of Home Economics - Knoxyille, Tennessee; October 19 

Crisis - Teaching Resources . Oregon Board of Education, §alem, 
regonT Prepared by: Wenjdell Curry, Dick Louthan, and Randi Douglas, 
1973. . ' " . 
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Enery . Engines, and Th e Industrial Revolution, Grades 8-9, National 
Science Teachers Association, D.3. Department of Energy, 
October 1977. 

Energy Fact s - Idaho - U nited Sta tes - World. Idaho State Office of ' 
Energy , 1977. 

t 

Energy fo r a livable Future Coines fro m the SUN ! Stephen Lyons and 

David R. Irower, Friends of the Earth; San Francisco, Cal., 1978. 

An Energy History of the United Staties, Grades 8-9, National Science. 
Teachers Association, U.S. Department of Energy, January, 1978. 

Energy in the Global Marketp^Gey Grades 9^ 10» 11. National Science 
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